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IMAGE DATA PROCESSING APPARATUS
AND METHOD, AND IMAGE DATA
PROCESSING PROGRAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1mage data processing,
apparatus and method, and an 1mage data processing pro-
gram, and particularly, to an image data processing apparatus,
method, and program for partitioming oil data representing a
particular 1mage included 1n an 1mage represented by given
image data (hereiaiter referred to as an input image) from the
other portion (extracting data from the other portion) and
outputting the data.

2. Description of the Background Art

An 1mage represented by digital image data obtained by a
digital camera 1s displayed on a display screen of a display
device, or 1s printed on printing paper by a printer. A subject
image 1s visibly displayed on the display screen or the print-
ing paper. In order to reproduce (playback) the subject image
displayed on the display screen or the printing paper more
beautifully (or more faithfully), digital image data 1s sub-
jected to white balance correction, gamma correction, and
other corrections 1n a digital camera, a printer, a personal
computer, etc.

Image data may, in some cases, be subjected to correction
processing by paying attention to a particular image portion
in the subject image. In a case where the face of a character 1s
included 1n the subject image, for example, a white balance
correction value, a gamma correction value, and correction
values for the other corrections may, in some cases, be calcu-
lated using the face of the character in the subject image as an
object such that the face of the character 1n the subject image
1s reproduced (displayed) more beautitully (or more faith-
tully).

In order to subject the image data to the correction process-
ing by paying attention to the particular image portion 1n the
subject image, the particular image portion must be detected
(extracted) from the subject image. JP-A-11-316845 dis-
closes that a plurality of subject extractions that differ in
properties are performed, to synthesize subjects respectively
extracted by the subject extractions, and subject extractions
which differ in properties are further performed when the
results of the synthesis do not satisiy the judgment criteria, to
extract the main subject using the results.

In JP-A-11-316843, the results of the plurality of subject
extractions are synthemzed When the results of the extraction
that are incorrect (or mappropriate) are obtained, therefore,
the results of the extraction are reflected on the extraction of
the main subject. When image correction 1s made on the basis
of the results of the extraction, the results of the image cor-
rection are also adversely affected.

As a method of distinguishing image data representing a
particular image portion included 1n an image, for example, a
face image portion of a character from the other image portion
(an 1mage portion other than the face image portion of the
character) to extract (partition off) only the 1mage data rep-
resenting the face image portion, JP-A-9-101579 describes a
method of extracting a face image portion utilizing color
information. In JP-A-9-101579, 1t 1s judged whether or not
the hue of each of pixels composing an image 1s included in a
skin color range, to divide the original image 1nto a skin color
area and a non-skin color area. Further, an edge 1n the original
image 1s detected, to classily the original image into an edge
portion and a non-edge portion. An area positioned within the
skin color area, composed of the pixels classified as the non-
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edge portion, and enclosed by the pixels judged as the edge
portion 1s extracted as a face candidate area.

In the method of extracting the face image portion utilizing
color information, judgment whether the color for each of the
pixels composing the 1image 1s a color belonging to the skin
color range greatly affects the precision of the extraction of
the face 1image portion. In different subject images obtained
by picking up the same subject under different light sources
(e.g., a fluororescent light source, a tungsten light source,
etc.), for example, therefore, the pixels (pixel ranges) that are
judged to have the color belonging to the skin color range

difter.

On the other hand, processing for detecting the particular
image portion included in the image on the basis of the shape
without using color information 1s previously performed, and
processing for extracting the face image portion using a rect-
angular area including the detected particular image portion
as a processing object1s also considered. Since the processing
for detecting the particular image portion 1s performed with-
out using color information, the processing for extracting the
face 1mage portion that 1s hardly affected by the type of light
source at the time of photographing.

In a method of extracting the face image portion included
in the 1mage on the premise that the processing for detecting
the particular image portion on the basis of the shape, how-
ever, 1t 1s essential to the subsequent face 1image extraction
processing that the face image portion 1s naturally detected. In
face detection processing for a face 1mage of a character, for
example, 11 a front face 1s included in the 1mage, the face
image can be generally detected. When the face image 1s
included 1n the image but 1s an 1image representing a side face,
however, detection of the face image fails. Eventually, extrac-
tion of the face image may end 1n failure.

SUMMARY OF THE INVENTION

An object of the present ivention i1s to allow for area
partitioning (area extraction) with high precision.

Another object of the present invention 1s to realize area
partitioning (area extraction) in a short processing time
period.

Still another object of the present invention 1s to generate
mask data for masking an area partitioned oif (extracted) with
high precision or an area partitioned off (extracted) in a short

processing time period.

A further object of the present ivention 1s to allow for
partitioning (extraction) of a particular 1mage portion even
when detection of a particular image fails while realizing area
partitioning (extraction) processing with high precision uti-
lizing the results of the detection of the particular image.

An 1mage data processing apparatus according to a first
invention 1s characterized by comprising particular image
detection means for detecting whether or not a particular
image exists 1n an 1image represented by given image data; a
plurality of types of area partitioning means for respectively
partitioning oif, when the existence of particular 1mage 1s
detected by the particular image detection means, an area of
the existing particular image by different types of partitioning,
processing; appropriateness calculation means for calculat-
ing, with respect to each of a plurality of partitioned areas
respectively obtained by the plurality of types of area parti-
tioning means, a appropriateness degree representing the
degree to which the shape thereof 1s appropriate as a parti-
tioning shape representing a contour of the particular image;
and output means for outputting data representing the parti-
tioned area for which the highest appropriateness degree 1s
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calculated on the basis of the plurality of appropriateness
degrees calculated by the appropriateness calculation means.

An 1mage data processing method according to the first
invention 1s characterized by comprising the steps of detect-
ing whether or not a particular 1mage exists in an i1mage
represented by given 1mage data; respectively partitioning
off, when the existence of particular image 1s detected, an area
of the existing particular 1mage by a plurality of different
types of partitioming processing; calculating, with respect to
cach of two or more partitioned areas respectively obtained
by the plurality of types of partitioning processing, a appro-
priateness degree representing the degree to which the shape
thereot 1s appropriate as a partitioning shape representing a
contour of the particular 1mage; and outputting data repre-
senting the partitioned area for which the highest appropri-
ateness degree 1s calculated on the basis of the calculated
appropriateness degrees.

When a particular image exists 1n an image represented by
given 1mage data (hereinaiter referred to as an mput 1mage),
the existence of particular image 1s detected. For the existing
particular image, an area of the particular image 1s partitioned
off (extracted) by a plurality of types of processing.

The particular 1image means an image portion having a
particular shape included 1n the input 1image, for example, an
image representing the face of a character. The image repre-
senting the face of the character included 1n the input image 1s
detected by pattern matching, for example. For the detected
image representing the face of the character, a face 1image
portion (face image area) 1s partitioned off by each of the
plurality of types of processing. When the input image
includes a plurality of face images, and the plurality of face
images included 1n the mput 1mage are detected, each of the
plurality of face 1mages 1s partitioned oil by the plurality of
types of area partitioning processing.

The plurality of types of area partitioning processing are
common 1n processing for partitioning oif an area of the
particular 1mage but differ in the contents of the processing,
(data, an algorithm, etc. used for partitioning). Known as the
face partitioning processing (face extraction processing) for
partitioning off a face 1image of a character are (1) area divi-
sion extraction processing utilizing clustering, (2) edge
search extraction processing for searching for an edge radi-
ally from the center of the face, (3) labeling extraction pro-
cessing utilizing the continuity of adjacent pixel values, (4)
extraction processing utilizing the continuity of edges 1n a
polar coordinate 1image, (5) extraction processing utilizing
roundness, etc. I the particular image 1s the face image of the
character, and the area partitioming processing 1s for partition-
ing oif (extracting) the area of the face 1mage, two or more of
the plurality of types of extraction processing (partitioning,
processing) can be employed as the area partitioning process-
ing (means).

For each of the partitioned areas respectively obtained by
the plurality of types of area partitioning means, a appropri-
ateness degree representing the degree to which the shape
thereot 1s appropriate as a partitioning shape representing a
contour of the particular image 1s calculated. The appropri-
ateness degree 1s an index indicating whether or not the shape
of the partitioned area 1s appropriate (correct or preferable) as
a partitioning shape representing a contour of the particular
image, and includes a numerical value, classification (large,
medium, small, etc.), a grade, and other degrees.

When the partitioned area is the area of the face image, for
example, the roundness thereot (or the degree obtained on the
basis of the roundness) can be used as the appropriateness
degree. Since the face of the character 1s 1n a substantially
clliptical shape, the closer the roundness of the face image
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area 1s to the roundness of the ellipse, the higher (the larger)
the calculated appropriateness degree 1s. On the other hand,
the farther the roundness of the face image area 1s apart from
the roundness of the ellipse, the lower (the smaller) the cal-
culated appropriateness degree 1s.

Data representing the partitioned area for which the highest
one of the calculated appropriateness degrees 1s calculated 1s
outputted. The data representing the partitioned area includes
data representing a position and a range that are occupied by
the partitioned area 1n the entire input 1mage.

The outputted data representing the partitioned area can be
used for creating mask data. Mask data representing an image
obtained by masking the partitioned area included 1n the input
image (or mask data representing an image obtained by mask-
ing a portion other than the partitioned area included 1n the
input 1mage) 1s created on the basis of the data representing
the partitioned area.

According to the first invention, the partitioned areas are
thus respectively obtained by the plurality of types of area
partitioning processing, and the data representing the parti-
tioned area for which the highest appropriateness degree 1s
calculated out of the plurality of partitioned areas 1s output-
ted. Data representing the partitioned area obtained with high
precision (partitioned off more correctly) 1s outputted. When
the mask data 1s created on the basis of the data representing
the partitioned area, the created mask data becomes highly
precise. In a case where the particular 1image 1s used as an
object of 1image correction, the precision of the image correc-
tion processing also becomes high.

An 1mage data processing apparatus according to a second
invention 1s characterized by comprising particular image
detection means for detecting whether or not a particular
image exists in an 1image represented by given image data; a
plurality of types of area partitioning means for respectively
partitioning oif, when the existence of particular image 1s
detected by the particular image detection means, an area of
the existing particular image by different types of partitioning,
processing; appropriateness calculation means for calculat-
ing a appropriateness degree representing the degree to which
the shape of each of partitioned areas respectively obtained by
the area partitioning means 1s appropriate as a partitioning
shape representing a contour of the particular 1image; com-
parison judgment means for comparing the appropriateness
degree calculated by the appropriateness calculation means
with a given value; control means for repeating, when the
comparison judgment means judges that the appropriateness
degree 1s not more than the given value, a sequence compris-
ing area partitioning processing performed by the other area
partitioning means, appropriateness calculation processing
performed by the appropriateness calculation means, and
comparison judgment processing performed by the compari-
son judgment means until the comparison judgment means
judges that the appropriateness degree exceeding the given
value 1s obtained; first output means for outputting, when the
comparison judgment means judges that the appropriateness
degree exceeds the given value, data representing the parti-
tioned arca obtained by the area partitioning means; and
second output means for outputting, when all of the appro-
priateness degrees for the partitioned areas respectively
obtained by all the area partitioming means are not more than
the given value, data representing the partitioned area for
which the highest appropriateness degree 1s calculated.

An 1mage data processing method according to the second
invention 1s characterized by comprising the steps of detect-
ing whether or not a particular 1mage exists 1n an i1mage
represented by given 1mage data; respectively partitioning
off, when the particular 1mage 1s detected, an area of the
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existing particular 1mage by one of a plurality of different
types of partitioning processing; calculating a appropriate-
ness degree representing the degree to which the shape of
cach of the partitioned areas obtained by the partitioning 1s
appropriate as a partitioning shape representing a contour of
the particular image; comparing the calculated appropriate-
ness degree with a given value; repeating, when the appropri-
ateness degree 1s not more than the given value, a sequence
comprising the other area partitioning processing, appropri-
ateness calculation processing, and comparison processing
until the appropriateness degree exceeding the given value 1s
obtained; outputting, when the appropriateness degree
exceeds the given value, data representing the partitioned area
tor which the appropriateness degree 1s calculated; and out-
putting, when all the appropriateness degrees for the parti-
tioned areas respectively obtained by all the types of parti-
tioming processing are not more than the given value, data
representing the partitioned area for which the highest appro-
priateness degree 1s calculated.

In the 1image data processing apparatus (method) according
to the second invention, the plurality of types of area parti-
tioming processing are controlled i order (continuously).
That 1s, the one partitioned area 1s first obtained by the one
area partitioning means. When the appropriateness degree for
the partitioned area 1s not more than the given value, the
partitioning processing by the other area partitioning means 1s
performed, the appropriateness degree 1s calculated, and the
appropriateness degree and the given value are compared
with each other. The partitioning processing, the appropriate-
ness calculation, and the compassion between the appropri-
ateness degree and the given value are repeated until the
appropriateness degree exceeding the given value 1s obtained.

When the partitioned area for which the appropriateness
degree exceeding the given value 1s calculated 1s obtained, the
data representing the partitioned area 1s outputted.

When all of the appropriateness degrees for the partitioned
areas respectively obtained by all the types of partitioning
processing are not more than the given value, the data repre-
senting the partitioned area for which the highest appropri-
ateness degree 1s calculated 1s outputted, as 1n the above-
mentioned first invention.

According to the second invention, when the partitioned
areca for which the appropriateness degree exceeding the
given (predetermined) value 1s calculated 1s obtained, the
partitioning processing by the other area partitioning means 1s
not performed. A processing time period can be shortened
while keeping the precision of the outputted data representing,
the partitioned area at a predetermined value or more.

The order of execution of the partitioning processing by the
area partitioning means may be based on a previously deter-
mined order, or may be an order determined on the basis of a
user’s mstruction.

An 1mmage data processing apparatus according to a third
invention 1s characterized by comprising particular image
detection means for detecting whether or not a particular
image exists 1in an 1mage represented by given image data; a
plurality of types of area partitioning means for respectively
partitioning off, when the existence of particular image 1s
detected by the particular image detection means, an area of
the existing particular image by different types of partitioning,
processing; appropriateness calculation means for calculat-
ing, with respect to each of a plurality of partitioned areas
respectively obtained by the plurality of types of area parti-
tioming means, a appropriateness degree representing the
degree to which the shape thereot 1s appropriate as a parti-
tioming shape representing a contour of the particular image;
first output means for outputting data representing an OR area
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of the one or the plurality of partitioned areas, excluding the
partitioned area for which the appropriateness degree of not
more than a given value 1s calculated, obtained by the area
partitioning means; and second output means for outputting,
when all the appropriateness degrees for the partitioned areas
respectively obtained by all the area partitioning means are
not more than the given value, data representing the parti-
tioned area for which the highest appropriateness degree 1s
calculated.

An 1mage data processing method according to the third
invention 1s characterized by comprising the steps of detect-
ing whether or not a particular 1mage exists 1 an i1mage
represented by given image data; respectively partitioning
oll, when the existence of particular image 1s detected, an area
of the existing particular 1mage by a plurality of different
types of partitioning processing; calculating, with respect to
cach of a plurality of partitioned areas respectively obtained
by the plurality of types of partitioning processing, a appro-
priateness degree representing the degree to which the shape
thereol 1s appropriate as a partitioning shape representing a
contour of the particular image; outputting data representing
an OR area of the one or the plurality of partitioned areas,
excluding the partitioned area for which the appropriateness
degree of not more than a given value 1s calculated; and
outputting, when all the appropriateness degrees for the par-
titioned areas respectively obtained by all the types of parti-
tioning processing are not more than the given 1s value, data
representing the partitioned area for which the highest appro-
priateness degree 1s calculated.

In the 1image data processing apparatus (method) according
to the third embodiment, the data representing an OR area
(logical add area) of the partitioned areas for which the appro-
priateness degrees exceeding the given (predetermined) value
are calculated 1s outputted. Since only the partitioned areas
for which the appropriateness degrees exceeding the given
value are obtained are used for the OR area, data representing
an area including the plurality of partitioned areas can be
outputted while keeping the precision of the outputted data
representing the OR area at a given value or more.

In the third invention, when the number of partitioned areas
for which the appropnateness degree exceeding the given
value 1s obtained 1s one, data representing the partitioned area
1s outputted. This 1s not excluded by the OR area 1n the third
invention.

In one embodiment, each of the first, second, and third
image data processing apparatuses comprises particular
image number detection means for detecting the number of
particular images detected by the particular image detection
means, comparison judgment means for comparing the num-
ber of particular 1images detected by the particular 1image
number detection means with a given number, importance
calculation means for calculating, when the comparison judg-
ment means judges that the detected number of particular
images 1s more than the given number, an 1importance degree
for each of the plurality of particular 1images detected by the
particular image detection means, and selection means for
selecting the particular images whose number 1s the same as
the given number out of the plurality of particular images
included 1n the image represented by the image data on the
basis of the importance degrees calculated by the importance
calculation means, the area partitioning means respectively
obtaining the partitioned areas for the plurality of particular
images selected by the selection means.

In a case where a large number of particular images exists
in the mput 1mage, when the partitioning processing 1s per-
formed for all the large number of particular 1mages, a pro-
cessing time period 1s lengthened. In some cases, the parti-
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tioned areas need not necessarily be partitioned off for all the
large number of particular images. In the above-mentioned
embodiment, when the number of particular images 1s more
than the given (designated) number, the particular 1images
whose number 1s the same as the given number are selected
out of the plurality of particular images. The partitioned areas
are respectively obtained for the selected particular images
whose number 1s the same as the given number.

The particular 1images are selected on the basis of the
importance degrees. The importance degree 1s one with which
cach of the plurality of particular 1images 1s labeled from the
viewpoint of judgment whether or not it 1s important. There 1s
an empirical rule that 1n a case where a plurality of face
images exist 1n an mnput 1mage, the closer the face image 1s
positioned to the center of the input 1image, the more 1mpor-
tant the face 1mage 1s 1n many cases. In a case where the
empirical rule 1s used, the distances between the detected
plurality of face images and the center of the input image are
respectively calculated. The importance degrees are respec-
tively calculated for the face images such that the shorter the
calculated distance 1s, the higher the importance degree with
which the face image 1s labeled 1s.

The importance degree for each of the particular subject
images can be calculated using the size, the inclination, and
the pattern matching score of the particular subject image,
and their combinations in addition to the calculation of the
importance degree using the distance.

The present invention also provides a program for causing,
a computer to perform the image data processing based on
each of the first, second, and third inventions.

The 1image data processing apparatuses, image data pro-
cessing methods, and programs according to the first, second,
and third mventions can be suitably incorporated as parts of
apparatuses including devices for performing predetermined
signal processing (correction processing) for digital image
data, for example, a digital camera, a printer, a personal
computer, etc. (methods of controlling the apparatuses and
programs for controlling the apparatuses).

A particular image area partitioning apparatus according to
a Tourth 1nvention 1s characterized by comprising particular
image detection means for detecting whether or not a particu-
lar image exists 1n an 1mage represented by given image data;
first particular image area partitioning means for partitioning
off, when the existence of particular image 1s detected by the
particular 1mage detection means, an area of the existing
particular 1image, to output data representing a partitioned
area obtained by the partitioning; and second particular image
area partitioning means for dividing, when the existence of
particular image 1s not detected by the particular image detec-
tion means, the 1image represented by the given image data
into particular image color areas representing the color of the
particular image and the other color areas, and outputting, out
of the particular 1image color areas, data representing the
particular image color area having a shape conforming to the
shape of the particular image.

According to the present invention, 1t 1s first detected
whether or not the particular 1mage exists in the 1image rep-
resented by the given image data. When the particular image
exists 1 a predetermined shape 1n an 1image represented by
the given 1mage data (heremafter referred to as an input
image), 1t can be detected that the particular image exists 1n
the mput image. For example, the existence of an image
portion representing the front face of a character included in
the input image can be detected by pattern matching relating,
to shapes.

When 1t 1s detected that the particular image exists in the
input image, the area of the particular image 1s partitioned off
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utilizing the results of the detection, and the data representing,
the partitioned area 1s outputted.

In one embodiment, the first particular 1mage area parti-
tioning means 1s for setting a plurality of projection informa-
tion creating windows having a predetermined shape radially
from the center of an image represented by image data includ-
ing a detected particular image, creating projection informa-
tion obtained by adding, with respect to each of 1mage por-
tions within the set plurality of projection information
creating windows, image information for each unit pixel posi-
tion in the radial direction from the center of the image,
determining, with respect to each of the image portions within
the plurality of projection information creating windows, the
boundary position between the particular image and the
image other than the particular image on the basis of the
created projection information, and connecting the deter-
mined plurality of boundary positions adjacent to one
another, to partition off the particular image area. For each of
the projection information creating windows, the boundary
position between the particular image and the image other
than the particular image 1s determined by the projection
information. The particular image area 1s partitioned off by
connecting the plurality of boundary positions adjacent to one
another.

When the particular image included in the mnput 1image can
be thus detected, processing for partitioming off the particular
image from the other image portion (extracting the particular
image area) 1s performed for the detected particular 1mage.
Since the approximate position of the particular image 1s
previously recognized (detected) by the detection processing,
the particular 1mage area partitioning processing with rela-
tively high precision can be performed.

In a case where the existence of particular image cannot be
detected, although 1t exists in the mput image, second par-
ticular 1mage area partitioning processing utilizing color
information 1s performed. In the second particular image area
partitioning processing, an image represented by given image
data 1s divided 1nto particular image color areas representing
the color ofthe particular image and the other color areas. Out
of the particular image color areas, the particular image color
area having a shape conforming to the shape of the particular
image 1s outputted.

For example, suppose the particular image 1s a face 1mage
of a character. Further, suppose the face image included 1n the
input 1image represents a side face. In this case, the face image
cannot, 1n some cases, be detected, although it exists 1n the
input 1mage. In this case, the second particular image area
partitioning processing 1s performed. That 1s, the face of the
character includes a skin color. Therefore, the input 1image can
be divided 1nto 1image areas having the skin color and 1mage
areas not having the skin color. Out of the 1mage areas having
the skin color, the area having a shape conforming to the
shape of the face of the character (including a shape close to
the shape of the face of the character) 1s outputted.

According to the present invention, in a case where the
particular image included 1n the 1nput 1image can be detected,
particular 1mage area partitioning processing 1s performed
utilizing the results of the detection, that 1s, on the premise
that the particular image exists at the position of the detected
particular image. Further, in a case where the particular image
included 1n the 1nput image cannot be detected, the particular
image 1s partitioned ofl utilizing color information. Even
when the detection of the particular image fails, the particular
image area can be partitioned oif while realizing area parti-
tioning processing with high precision utilizing the results of
the detection of the particular image.
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Preferably, the particular image area partitioning apparatus
turther comprises particular image number detection means
for detecting the number of particular images detected by the
particular 1mage detection means, comparison judgment
means lor comparing the number of particular 1mages
detected by the particular 1mage number detection means
with a given number, importance calculation means for cal-
culating, when the comparison judgment means judges that
the detected number of particular 1images 1s more than the
given number, an importance degree for each of the particular
images detected by the particular image detection means, and
selection means for selecting the particular 1mages whose
number 1s the same as the given number out of the particular
images included in the image represented by the 1mage data
on the basis of the importance degrees calculated by the
importance calculation means, the first particular image area
partitioning means partitions off, for the particular images,
corresponding to the given number, selected by the selection
means, the area of each of the particular images.

In a case where a large number of particular images exist in
the mput 1image, when the partitioning processing 1s per-
tformed for all the large number of particular 1mages, a pro-
cessing time period 1s lengthened. In some cases, the parti-
tioned areas need not necessarily be partitioned off for all the
large number of particular images. In the above-mentioned
embodiment, when the number of particular images 1s more
than the given (designated) number, the particular 1images
whose number 1s the same as the given number are selected
out of the plurality of particular images. The first partitioning
processing 1s performed for the selected particular images.

The particular 1images are selected on the basis of the
importance degrees. The importance degree 1s one with which
cach of the plurality of particular images 1s labeled from the
viewpoint of judgment whether or not it 1s important (signifi-
cant). There 1s an empirical rule 1n a case where a plurality of
face 1mages are included 1n an input image, the closer the face
image 1s positioned to the center of the input image, the more
important the face image 1s in many cases. In a case where this
empirical rule 1s used, the distances between the detected
plurality of face images and the center of the input image are
respectively calculated. The importance degrees are respec-
tively calculated for the face images such that the shorter the

calculated distance 1s, the higher the importance degree with
which the face 1mage 1s labeled 1s.

The importance degree for each of the particular images
can be also calculated using the size and the pattern matching
score of the particular image, and their combinations 1n addi-
tion to the calculation of the importance degree using the
distance.

The fourth invention also provides a particular image area
partitioning method and a program for causing a computer to
perform the above-mentioned particular image area partition-
Ing processing.

The particular 1mage area partitioning apparatus and
method, and the particular image area partitioning processing,
program according to the fourth invention can be suitably
incorporated as parts of an apparatus or a system including
devices for performing predetermined signal processing (cor-
rection processing) for digital image data.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
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ent from the following detailed description of the present
invention when taken 1n conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram of a first mask data
creating apparatus;

FIG. 2 1s a flow chart showing the flow of operations of the
first mask data creating apparatus;

FIG. 3 1llustrates using a schematic image the basic idea of
mask data creation by the first mask data creating apparatus;

FIG. 4 1s a functional block diagram of a second mask data
creating apparatus;

FIG. 5 1s a flow chart showing the flow of operations of the
second mask data creating apparatus;

FIG. 6 1llustrates using a schematic image the basic idea of
mask data creation by the second mask data creating appara-
tus;

FIG. 7 1s a functional block diagram of a third mask data
creating apparatus;

FIG. 8 1s a flow chart showing the flow of operations of the
third mask data creating apparatus;

FIG. 9 1llustrates using a schematic image the basic idea of
mask data creation by the third mask data creating apparatus;

FIG. 10 1s a flow chart showing the flow of operations of a
fourth mask data creating apparatus;

FIG. 11 illustrates using a schematic image the basic 1dea
of mask data creation by the fourth mask data creating appa-
ratus,;

FIG. 12 1s a flow chart showing the flow of additional
operations of the mask data creating apparatus, which are
applicable to any of the first to fourth mask data creating
apparatuses;

FIG. 13 1llustrates using a schematic image the basic idea
of additional operations of the mask data creating apparatus;

FIG. 14 15 a block diagram showing the specific electrical
configuration of the mask data creating apparatus;

FIG. 15 shows the contents of a appropriateness memory;

FIGS. 16 A and 16B respectively illustrate an example of an
input 1mage and an example of rectangular areas partitioned
off from the input 1mage;

FIGS. 17A to 17C respectively illustrate 1mages repre-
sented by individual mask data;

FIG. 18 illustrates an 1image represented by mask data:

FIG. 19 1s a functional block diagram of face selection
processing;

FIG. 20 1s a functional block diagram of a appropriateness
calculation circuait;

FIG. 21 15 a block diagram showing the electrical configu-
ration of a mask data creating apparatus:

FI1G. 22 1s a flow chart showing the flow of operations of the
mask data creating apparatus;

FIG. 23 1s a flow chart showing the tlow of face image area
extraction processing and mask data creation processing uti-
lizing the results of face detection;

FIGS. 24 A and 24B respectively show an example of an
input image and how an area including a face image area 1s cut
out (partitioned oil) by face vicinity area cutout processing;

FIGS. 25A and 23B respectively show a positional rela-
tionship between a face vicinity area and a projection nfor-
mation creating window and how the projection information
creating window 1s rotated;

FIGS. 26 A and 26B respectively illustrate an 1image por-
tion within a projection information creating window, and a
table storing luminance values for pixels composing an image
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within the projection imnformation creating window and pro-
jection information relating to the luminance values;

FIGS. 27A and 27B are respectively a graph showing pro-
jection imnformation relating to luminance values, and a graph
alter skin-like color conversion processing;

FIGS. 28A and 28B respectively show a relationship
between a face vicinity area image and a boundary position
and an individual mask image;

FIGS. 29A and 29B respectively illustrate individual mask
1mages;

FI1G. 30 1llustrates a mask image;

FI1G. 31 1s a flow chart showing the flow of face image area
extraction processing utilizing color mformation and mask
data creation processing;

FIGS. 32A, 32B, and 32C respectively illustrate an
example of an mput 1image, an example of an 1mage after
clustering processing, and an example of an 1mage after cir-
cular area selection processing;

FIG. 33 1llustrates an example of a mask 1image;

FI1G. 34 1s a flow chart showing the flow of other operations
of the mask data creating apparatus;

FIGS. 35A and 33B respectively show an example of an
input image and how an area including a face image area 1s cut
out (partitioned oif) by face vicinity area cutout processing;

FIGS. 36 A and 36B respectively 1llustrate an input image
in which a face 1mage area extracted by face image area
extraction processing utilizing the results of face detection 1s
indicated by hatching and an 1image after clustering process-
ing 1n face 1image area extraction processing utilizing color
information; and

FI1G. 37 1llustrates an example of a mask 1image.

L1

FERRED

DESCRIPTION OF THE PR
EMBODIEMNTS

First Embodiment

A mask data creating apparatus 1s an apparatus for detect-
ing, on the basis ol image data representing an image included
in an 1mage representing the face of a character, a portion
representing the face of the character (a face image), extract-
ing (partitioning off) an area of the detected face image (a face
image area), and creating mask data relating to the extracted
face 1mage area. The mask data created by the mask data
creating apparatus can be used for various types of image
processing for the image data. For example, the created mask
data 1s used so that the position and the range of the face image
area included in the mput image are specified. Therelore,
processing for subjecting the image data to white balance
correction, gamma correction, and other corrections, for
example, can be performed using the face image area as an
object such that the specified face image area 1s reproduced
(displayed) more beautitully (or more faithiully).

(1) First Mask Data Creating Apparatus

FIG. 1 1s a functional block diagram of a first mask data
creating apparatus 1A. FIG. 2 1s a flow chart showing the flow
of operations of the first mask data creating apparatus 1A.
FIG. 3 1llustrates using a schematic image the basic 1dea of
mask data creation by the first mask data creating apparatus
1A.

The first mask data creating apparatus 1A performs a plu-
rality of types of face 1image area extraction (partitioning)
processing for each of face images included in an input
image, and creates, out of a plurality of face image areas
respectively obtained by the plurality of types of face image
area extraction processing, mask data using the more prefer-
able (more appropriate) face 1mage area.
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The first mask data creating apparatus 1A comprises an
image data input function 11 for accepting the input of image
data, a face detection function 12 for detecting face images on
the basis of the inputted image data, first and second face area
extraction functions 13 and 14 for respectively extracting face
image areas by two different types ol extraction processing
for each of the detected face 1images, a appropriateness cal-
culation function 13 for calculating a appropriateness degree
(the details of the appropriateness degree will be described
later) for each of the face image areas respectively obtained
by the two different types of extraction processing, a selection
function 16 for selecting either of the first and second face
area extraction functions 13 and 14 that has extracted the face
image area for which the higher one of the calculated two
appropriateness degrees 1s calculated, and a mask data cre-
ation function 17 for creating mask data on the basis of the
face 1mage area extracted by the selected one of the first and
second face area extraction functions 13 and 14.

Referring to FIGS. 2 and 3, the flow of operations of the
first mask data creating apparatus 1A will be described.

Image data 1s inputted (step 21; image data input function).
It 1s assumed that an 1mage represented by the inputted image
data includes one or a plurality of 1mages representing the
face of a character.

The image representing the face of the character included
in the 1mage represented by the inputted image data 1is
detected (step 22; face detection function). Pattern matching
can be utilized for the face detection function.

In a case where a plurality of face images are detected by
the face detection function (i.e., a case where a plurality of
face 1mages are included in the 1mage represented by the
inputted image data), different types of processing, described
below, are performed for each of the face images.

A Tace mmage area for the detected one face image 1is
extracted (partitioned oil) by the first face area extraction
function (step 23; first face area extraction function), and a
appropriateness degree for the extracted face image area 1s
calculated (step 24; first appropriateness calculation func-
tion). In the same manner, a face 1image area for the detected
one face image (the same face image as the face image
extracted by the first face 1mage extraction function) 1is
extracted by the second face area extraction function (step 25;
second face area extraction function), and a appropriateness
degree for the extracted face image area 1s calculated (step 26;
second appropriateness calculation function).

The first face area extraction function 13 and the second
face area extraction function 14 respectively extract the face
image areas for the same face image by the different types of
processing, as described above. Known as face image area
extraction processing are (1) area division extraction process-
ing utilizing clustering, (2) edge search extraction processing
for searching for an edge radially from the center of a face, (3)
labeling extraction processing utilizing the continuity of adja-
cent pixel values, (4) extraction processing utilizing the con-
tinuity of edges 1n a polar coordinate 1mage, (5) extraction
processing utilizing roundness, and so forth. The face image
area extraction processing utilizing two of the plurality of
types ol extraction processing 1s performed 1n each of the first
face area extraction function 13 and the second face area
extraction function 14.

In the first face area extraction function 13 and the second
face area extraction function 14, the face image areas are
respectively extracted by the different types of extraction
processing, as described above. In general, entirely the same
areas are not extracted (partitioned ofl) as the face image
areas. As shown 1n FIG. 3, the face image areas respectively
extracted by the two different types of extraction processing
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are enclosed by broken lines. FIG. 3 shows that the face image
areas respectively extracted by the two different types of
extraction processing differ in an emphasized manner for
casy understanding.

A appropriateness degree calculated by the appropriate-
ness calculation function 15 indicates that the face 1image area
obtained by the two different types of extraction processing 1s
appropriate as a face image area (accuracy, validity, correct-
ness).

The appropriateness degree can be calculated using the
roundness of the extracted face image area, for example. The
face of the character 1s substantially elliptical. If the round-
ness of the extracted face image area 1s close to the roundness
of an ellipse, therefore, a high appropriateness degree 1s cal-
culated. The farther the roundness of the face 1image area 1s
apart from the roundness of the ellipse, the lower the calcu-
lated appropriateness degree becomes.

In addition to the calculation of the appropriateness degree
using the roundness, calculation of a appropriateness degree
using a variance, calculation of a appropriateness degree
using the shape of skin-colored pixels, and other calculating,
methods can be also employed.

It 1s judged which of the calculated two appropriateness
degrees 1s higher (step 27; selection function). Mask data 1s
created on the basis of the face image area (the range and the
position of the face image area 1n the input image) obtained by
the face image area extraction processing 1n which the higher
appropriateness degree 1s obtained (step 28; mask data cre-
ation function).

The above-mentioned operations are repeated for the
remaining detected faces (NO 1n step 29). When the above-
mentioned operations for all the detected faces are termi-
nated, the operations of the first mask data creating apparatus
1A are terminated (YES 1n step 29).

As described 1n the foregoing, the face image area extrac-
tion processing 1n each of the first face area extraction func-
tion 13 and the second face area extraction function 14 1s
performed for each of the detected face images in the input
image. For each of the face images, mask data (individual
mask data) based on the face 1mage area extracted by either
one of the first and second face area extraction functions 13
and 14 1s created. The entire mask data finally created 1n a
case where the plurality of face images are detected may, 1n
some cases, include only the individual mask data created by
the face image area extracted by the first face area extraction
function 13, or may, in some cases, mnclude the individual
mask data created by the face image area extracted by the
second face area extraction function 14. Of course, the entire
mask data may, in some cases, include both the individual
mask data created by the face image area extracted by the first
face area extraction function 13 and the individual mask data
created by the face image area extracted by the second face
area extraction function 14.

(11) Second Mask Data Creating Apparatus

FIG. 4 1s a functional block diagram of a second mask data
creating apparatus 1B. FIG. 5 1s a flow chart showing the flow
of operations of the second mask data creating apparatus 1B.
FIG. 6 illustrates using a schematic 1mage the basic idea of
mask data creation by the second mask data creating appara-
tus 1B.

The second mask data creating apparatus 1B 1s the same as
the first mask data creating apparatus 1A in that a plurality of
types of face 1mage area extraction processing can be per-
tormed, but ditfers therefrom in the processing procedure. In
the second mask data creating apparatus 1B, each of the
plurality of types of face 1image area extraction processing 1s
controlled such that in a case where a appropriateness degree
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for a face 1mage area obtained by the one face 1image area
extraction processing 1s less than a predetermined value, the
face 1mage area 1s extracted by the other face image area
extraction processing. In the functional block diagram of the
second mask data creating apparatus 1B shown 1n FIG. 4,
blocks having the same functions as those 1n the functional
block diagram of the first mask data creating apparatus 1A
shown 1n FIG. 1 are assigned the same reference numerals and
thence, the overlapped description 1s avoided. In the flow
chart shownin FIG. 5, the same operations as those 1n the flow
chart shown 1n F1G. 2 are assigned the same reference numer-
als and hence, the overlapped description 1s avoided.

In the second mask data creating apparatus 1B, face image
area extraction processing 1s lirst performed by a first face
area extraction function 13 so that a appropriateness degree 1s
calculated (steps 23 and 24).

The calculated appropriateness degree 1s compared with a
predetermined value (a previously set value, which may be of
course set by an operator) (step 31; comparison function 18).

In a case where the calculated appropriateness degree 1s not
less than the predetermined value (or a case where the appro-
priateness degree exceeds the predetermined value) (YES 1n
step 31), the face image area extracted by the first face area
extraction function 13 1s used so that individual mask data 1s
created (steps 33 and 28). Processing for the detected one face
image 1s terminated.

In a case where the calculated appropriateness degree 1s
less than the predetermined value (or not more than the pre-
determined value) (NO 1n step 31), face image area extraction
processing 1s performed by a second face area extraction
function 14 (step 25). A appropriateness degree 1s calculated
(step 26), and the appropriateness degree and the predeter-
mined value are compared with each other (step 32; compari-
son function 18). When the calculated appropriateness degree
1s not less than the predetermined value, the face image area
extracted by the second face area extraction function 14 is
used so that individual mask data 1s created (YES 1n step 32,
steps 34 and 28).

When both the respective two appropriateness degrees for
the face 1image areas extracted by the first and second face area
extraction functions 13 and 14 for the detected one face image
are less than the predetermined value (NO 1n step 32), mask
data 1s created on the basis of the face image area obtained by
the face area extraction function, in which the higher appro-
priateness degree 1s obtained, out of the first and second face
area extraction functions 13 and 14, as 1n the first mask data
creating apparatus 1A (steps 27 and 28).

(111) Third Mask Data Creating Apparatus

FIG. 7 1s a functional block diagram of a third mask data
creating apparatus 1C. FIG. 8 1s a flow chart showing the flow
of operations of the third mask data creating apparatus 1C.
FIG. 9 1llustrates using a schematic 1image the basic 1dea of
mask data creation by the third mask data creating apparatus
1C.

The third mask data creating apparatus 1C 1s the same as
the first mask data creating apparatus 1A 1n that a plurality of
types of face image area extraction processing are performed,
but differs therefrom 1n an area used for creating mask data.
That 1s, 1n the first mask data creating apparatus 1A, 1ndi-
vidual mask data 1s created using the face image area
extracted by any one of the plurality of types of face image
area extraction processing. On the other hand, in the third
mask data creating apparatus 1C, an OR area of all the results
of the plurality of types of face image area extraction process-
ing 1s created, and individual mask data 1s created on the basis
of the OR area. In the functional block diagram of the third
mask data creating apparatus 1C shown 1 FIG. 7, blocks
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having the same functions as those in the functional block
diagram of the first mask data creating apparatus 1A shown in
FIG. 1 are assigned the same reference numerals and hence,
the overlapped description 1s avoided. In the flow chart shown
in FI1G. 8, the same operations as those 1n the flow chart shown
in FI1G. 2 are assigned the same reference numerals and hence,
the overlapped description 1s avoided.

In a first face area extraction function 13 and a second face
area extraction function 14, face image areas are respectively
extracted for one face image, and an OR area based on the
extracted two face 1image areas 1s created (step 31; OR area
creation function 41). Individual mask data 1s created on the
basis of the OR area (step 28).

Logical add processing of the two face image areas in the
OR area creation function 41 1s for creating an OR area of the
face 1mage area extracted by the first face area extraction
function 13 and the face image area extracted by the second
face area extraction function 14. Therefore, the OR areca may,
1n some cases, be the same as the face image area extracted by
the first face area extraction function 13 (a case where the face
image area extracted by the second face area extraction func-
tion 14 1s included 1n the face 1image area extracted by the first
face area extraction function 13), or may, 1n some cases, be
the same as the face 1image area extracted by the second face
area extraction function 14 (a case where the face 1mage area
extracted by the first face area extraction function 13 1is
included 1n the face 1mage area extracted by the second face
area extraction function 14). There 1s also a case where the
OR area 1s an area obtained by incorporating the face image
area extracted by the first face area extraction function 13 and
the face image area extracted by the second face area extrac-
tion function 14 with each other (a case where the face image
area extracted by the first face area extraction function 13 and
the face image area extracted by the second face area extrac-
tion function 14 are not 1 an inclusive relationship) (see FI1G.
9)

(1v) Fourth Mask Data Creating Apparatus

FI1G. 10 1s a tlow chart showing the flow of operations of a
fourth mask data creating apparatus 1D. FIG. 11 illustrates
using a schematic 1mage the basic 1dea of mask data creation
by the fourth mask data creating apparatus 1D.

Simply stated, the fourth mask data creating apparatus 1D
1s a combination of the first mask data creating apparatus 1A
(FIGS. 1 to 3) and the third mask data creating apparatus 1C
(FIGS. 7 t0 9). In the flow chart shown in FIG. 10, the same
operations as those in the tlow chart shown 1 FIG. 8 are
assigned the same reference numerals and hence, the over-
lapped description 1s avoided. A functional block diagram of
the fourth mask data creating apparatus 1D 1s omuitted.

In the fourth mask data creating apparatus 1D, a plurality of
types of face image area extraction processing are performed
for a detected one face (steps 23, 24, 61, and 62; first to n-th
types of face 1mage area extraction processing), and a appro-
priateness degree for each of face 1mage areas respectively
obtained by the plurality of types of extraction processing 1s
calculated 1n the same manner as 1n the first mask data creat-
ing apparatus 1A (steps 25, 26, 63, and 64).

It 1s judged whether or not each of the calculated plurality
of appropriateness degrees 1s not less than a set value (prede-
termined value) (step 63). If one or more of the appropriate-
ness degrees are not less than the predetermined value, face
image areas respectively obtained by the extraction process-
ing 1 which the appropriateness degrees are obtained are
used, to create an OR area, as 1n the third mask data creating,
apparatus 1C (step 51; see FIG. 11). Individual mask data 1s
created on the basis of the OR area (step 28). If one of the
calculated plurality of appropriateness degrees 1s not less than
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the predetermined value, individual mask data 1s created on
the basis of the face image area obtained by the one extraction
processing 1n which the appropriateness degree 1s obtained.

When all the appropriateness degrees for the face 1image
areas respectively obtained by the plurality of types of extrac-
tion processing are less than the predetermined value (NO 1n
step 65), individual mask data 1s created on the basis of the
face 1mage area obtained by the extraction processing in
which the highest appropriateness degree 1s obtained, as in
the first mask data creating apparatus 1A (steps 34 and 28).

(v) Modified Example

FIG. 12 1s a flow chart showing the flow of additional
operations of the mask data creating apparatus, which 1s
applicable to any one of the first to fourth mask data creating
apparatuses 1A to 1D. FIG. 13 illustrates using a schematic
image the basic 1dea of the operations shown 1n FIG. 12.

The operations 1n the flow chart shown in FIG. 12 are
operations for selecting, when a large number of face images
are mncluded 1n an 1mage represented by mputted image data
(an 1nput image) from which mask data should be created, the
face 1mage, which should be subjected to face 1image area
extraction processing, 1s selected out of the large number of
face images. In the flow charts (FIGS. 2, 5, 8, and 10) respec-
tively showing the tlows of the operations of the first to fourth
mask data creating apparatuses 1A to 1D, the operations in
the flow chart shown 1n FIG. 12 can be added between the face
detection processing (step 22) and the face image area extrac-
tion processing (steps 23, 24, etc.).

When a plurality of face images are detected in the face
detection processing (step 12), the number of the detected
face 1mages and a set value are compared with each other. The
set value may be a previously determined numerical value or
a numerical value set by an operator.

When the number of the detected face 1mages 1s not more
than the set value, no special processing 1s performed (NO 1n
step 71). The procedure proceeds to the face image area
extraction processing.

When the number of the detected face images exceeds the
set value (YES 1n step 71), an importance degree 1s calculated
for each of the detected face images (step 72).

The position of the detected face 1image, for example, can
be used for calculating the importance degree. This 1s based
on such an empirical rule that in a case where a plurality of
face 1mages are included 1n an 1nput 1image, the closer the face
image 1s positioned to the center of the input image, the more
important (significant) the face image 1s in many cases. In this
case, the distances from the position at the center of the input
image to the positions of the detected plurality of face images
are respectively calculated. The shorter the distance 1s, the
higher the importance degree to be assigned to the face image
is (see FI1G. 13).

In addition to the calculation of the importance degree
using the distance, the importance degree may be calculated
(determined) for each of the detected face images using the
s1ze, the 1nclination, the matching score obtained by pattern
matching, and others of the face 1mage.

Out of the plurality of face images, the predetermined
number of face 1mages are selected on the basis of the impor-
tance degrees respectively calculated for the plurality of face
images (step 73). The face image area extraction processing 1s
performed for each of the selected predetermined number of
face 1mages.

FIG. 14 1s a block diagram showing the specific electrical
configuration of the mask data creating apparatus 1.

The mask data creating apparatus 1 also functions as the
first to fourth mask data creating apparatuses (including the
modified example) 1A to 1D. It 1s determined (controlled) by
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a control circuit 80 included 1n the mask data creating appa-
ratus 1 which of the first to fourth mask data creating appa-
ratuses 1A to 1D operates the mask data creating apparatus 1.

Instruction data indicating which of the first to fourth mask
data creating apparatuses 1A to 1D operates the mask data
creating apparatus 1 1s mnputted from an input device (a key-
board, a mouse, etc.) 81 connected to the mask data creating,
apparatus 1. The instruction data mputted from the nput
device 81 1s given to the control circuit 80. The control circuit
80 carries out control 1n accordance with the nstruction data
such that the mask data creating apparatus 1 is operated by
any one of the first to fourth mask data creating apparatuses
1A to 1D.

A minimum face detection size, a face detection score, a
maximum face extraction number are also inputted from the
input device 81.

The mimimum face detection size represents the size of the
mimmum face image to be detected 1n face detection process-
ing. The minimum face detection size 1s inputted (designated)
depending on 1ts ratio to the number of pixels (the number of
pixels 1n the vertical direction and the number of pixels 1n the
horizontal direction) or the size of an 1image represented by
inputted image data (an iput image).

In the face detection processing described below, face
detection 1s performed by pattern matching. When a matching
score obtained by pattern matching 1s not more than a prede-
termined value, 1t 1s judged that a face 1mage 1s detected. The
face detection score represents the predetermined value (the
mimmum value of the matching score by which 1t 1s judged
that the face 1mage 1s detected).

The maximum face extraction number 1s used for selecting,
when a plurality of face images exists 1n the input image, the
face 1mage to be extracted out of the detected face images.
When the input 1image includes the face images whose num-
ber 1s more than the maximum face extraction number, the
face 1mages corresponding to the maximum face extraction
number are selected out of the face images, and the selected
face 1mages are subjected to face image area extraction pro-
cessing.

The minimum face detection size and the face detection
score that are mputted from the input device 81 are given to a
face detection circuit 85, described later, through an 1nput
terminal (an interface) 83. The maximum face extraction
number 1s given to a face vicinity area cutout circuit 86,
described later.

The minimum face detection size, the face detection score,
the maximum face extraction number affect the precisions
and the processing speeds of face detection processing and
face extraction processing. The processing speed of the face
detection processing becomes high when the minimum face
detection size 1s large, while the precision of the face detec-
tion processing becomes high when 1t 1s small. The process-
ing speed of the face detection processing becomes high when
the face detection score 1s high, while the precision of the face
detection processing becomes high when 1t 1s low. A large
number of face images are extracted 1n a case where they are
included 1n the 1nput 1mage when the maximum face extrac-
tion number 1s large, while the processing speed of the face
extraction processing becomes high when 1t 1s small.

Image data representing an image including a face image
read out of a storage device 82 (a hard disk, a flexible disk, a
CD-ROM, a memory card, etc.) 1s inputted to a face detection
circuit 83 through an 1nput terminal (an interface) 84.

The face detecting circuit 85 detects an 1image representing,
the face of a character (a face image) included 1n an 1mage
represented by 1mnputted image data (an input 1mage) by pat-
tern matching. When a matching score of not less than the
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above-mentioned face detection score 1s obtained, the face
detection circuit 85 detects that the face image 1s included 1n
the imnput image. Further, the face image of a smaller size than
the minimum face detection size 1s not handled as the detected
face image even 11 the matching score 1s not less than the face
detection score.

In the mask data creating apparatus 1, three ditlerent types
of face 1mage area extraction processing can be performed.

The first extraction processing 1s extraction processing per-
formed by a face vicimity cutout circuit 86, an area division
circuit 87, and an area integration circuit 88, which is here-
inafter referred to as area division extraction processing.

The second extraction processing 1s extraction processing,
performed by the face vicinity cutout circuit 86, a projection
information creation circuit 89, and a boundary detection
circuit 90, which 1s heremaftter referred to as edge search
extraction processing.

The third extraction processing 1s extraction processing
performed by a skin-colored pixel extraction circuit 91, a
clustering circuit 92, a circular area selection circuit 93, and a
background 1mage removal circuit 94, which 1s heremafter
referred to as roundness utilization extraction processing.

All the three types of extraction processing are performed
for each of the detected face images included 1n the mput
image.

First, the area division extraction processing will be
described.

In the area division extraction processing, processing in the
face vicimity cutout circuit 86 1s first performed. When the
input image exists a plurality of face images, and the number
of the face 1mages exceeds the above-mentioned maximum
face extraction number (a designated number), the above-
mentioned face selection processing based on importance
degrees 1s performed prior to cutout processing, described
below, 1n the face vicinity cutout circuit 86. An example of a

functional block diagram of a face selection function 102 1s
shown 1n FIG. 19.

The face detection circuit 85 detects the face image
included 1n the mput 1image by pattern matching, and data
outputted therefrom (face detection output data) includes data
representing the approximate center of the detected face
image (e.g., relative coordinates). For each of all faces
detected by the face detection circuit 85, the distance from the
center of the input image to the center of the face 1s calculated
(a distance calculation function 103). The calculated distance
1s used as a value representing an importance degree.

Information for specifying the detected faces are sorted 1n
ascending order of calculated distances from the center of the
input 1mage (a sorting function 104 based on distances) The
face specilying information corresponding to the designated
number are selected (face selection functions 105 corre-
sponding to the designated number) on the basis of the face
specilying information arranged in ascending order of dis-
tances from the center of the mput image. The procedure
proceeds to processing for the face images specified by the
selected face specilying information corresponding to the
designated number.

In the above-mentioned face selection processing, the face
image that 1s at a short distance from the center of the mput
image, that 1s, the face image having a low importance degree
1s used as an object of face 1mage area extraction processing.
Of course, the inverse of the distance from the center of the
input 1image may be calculated and used as an importance
degree. In this case, the face images that should be used as an
object of face image area extraction processing are selected 1in
descending order of their importance degrees.
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Returning to FIG. 14, a rectangular area including the face
image 1ncluded 1n the input 1image 1s cut out (partitioned oil)
by the face vicinity cutout circuit 86. The shape and the size
ol the rectangular area cut out are based on a pattern used 1n
pattern matching 1n the face detection circuit 85. FIG. 16A
illustrates an example of an nput image G, and FIG. 16B
illustrates an example of rectangular areas g1, g2, and g3 cut
out from the input 1mage G.

In the area division circuit 87, processing for converting
color data (RGB) relating to pixels in similar colors mto a
predetermined value 1s then performed using the rectangular
areas cut out by the face vicinity cutout circuit 86 as a pro-
cessing object. Consequently, image data obtained by respec-
tively clustering pixels having color data in a skin color and a
color close to the skin color, pixels having color data 1n a
white color and a color close to the white color, pixels having,
color data 1n a black color and a color close to the black color,
and so forth 1s created.

Furthermore, in the area integration circuit 88, portions
where no edges exist are integrated, to create image data (face
image area data) obtained by the integration. The face image
area data includes data representing the position and therange
of the face image area 1n the mput image.

The face 1image area data outputted from the area integra-

tion circuit 88 1s given to an individual mask data creation
circuit 95,

The individual mask data creation circuit 95 creates image
data (individual mask data) representing an 1mage 1n which a
portion 1n a color similar to a skin color (a face area) and a
portion 1n a color similar to the other color are distinguished
in an image represented by the face image area data outputted
from the area integration circuit 88. Examples of the image

represented by the individual mask data are illustrated in
FIGS. 17A to 17C.

In the above-mentioned manner, the individual mask data
created on the basis of the face image area extracted by the
area division extraction processing 1s temporarily stored 1n a
mask data memory 98.

The edge search extraction processing will be then
described.

In the edge search extraction processing, projection nfor-
mation 1s created 1n the projection information creation cir-
cuit 89 with respect to the rectangular area including the face
image cut out by the face vicinmity cutout circuit 86. The
projection information respectively mean edge information
tor directions (e.g., 64 directions) toward the periphery of the
face image from the center of the face image (the approximate
center of the face image detected by pattern matching 1n the
face detection circuit 85 1s detected).

The boundary detection circuit 90 detects an edge between
the face image and an 1mage surrounding the face 1image on
the basis of the projection information created in the projec-
tion information creation circuit 89. A face image area 1s
represented by data representing the edge outputted form the
boundary detection circuit 90. Individual mask data is created
in the individual mask data creation circuit 935.

The individual mask data created by the edge search
extraction processing 1s also temporarily stored in the mask
data memory 98.

The roundness utilization extraction processing will be
then described.

In the roundness utilization extraction processing, skin-
colored pixels (also including pixels in a color close to a skin
color) included 1n an mput 1image are picked up 1n the skin-
colored pixel extraction circuit 91. The skin-colored pixels
picked up are clustered 1n the clustering circuit 92.
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The circular area selection circuit 93 calculates the round-
ness of a skin-colored pixel area obtained by the clustering in
the clustering circuit 92. A circular area having the roundness
ol a face (the roundness of an ellipse) 1s selected.

An area excluding a circular areca (an elliptical area)
selected by the circular area selection circuit 93 1s handled as
a background. An 1mage portion serving as a background 1s
removed by the background image removal circuit 94. The
circular area (elliptical area) outputted from the background
image removal circuit 94 1s used as a face 1image area, so that
individual mask data is created 1n a mask data creation circuit
9s.

The individual mask data obtained by the roundness utili-
zation extraction processing 1s also temporarily stored in the
mask data memory 98.

When the mask data creating apparatus 1 1s operated as the
first mask data creating apparatus 1A, the second mask data
creating apparatus 1B, and the fourth mask data creating
apparatus 1D, a appropriateness degree 1s calculated 1n a
appropriateness calculation circuit 99 for each of the indi-
vidual mask data created by the area division extraction pro-
cessing, the edge search extraction processing, and the round-
ness utilization extraction processing.

An example of a functional block diagram of the appropri-
ateness calculation circuit 99 1s shown in FIG. 20. The indi-
vidual mask data 1s processed 1n each of a peripheral length
calculation function 111 and an area calculation function 112.
The peripheral length (the length of a line along an outer
edge) L of a mask image represented by the individual mask
data 1s calculated in the peripheral length calculation function
111. The area S of the mask 1mage 1s calculated by the area
calculation function 112.

The peripheral length L and the area S are used for calcu-
lating the roundness by the following equation in a roundness
calculation function 113:

Roundness=(peripheral length Lxperipheral length
L)/area S

A appropriateness degree corresponding to the calculated
roundness 1s calculated by a roundness comparison function
114. The closer the roundness calculated by the roundness
calculation function 113 1s to the roundness of the face of the
character (previously determined), the higher the appropri-
ateness degree to be outputted by the roundness comparison

function 114 1s.

Returning to FIG. 14, the appropriateness degree calcu-
lated by the appropriateness calculation circuit 99 1s tempo-
rarily stored 1n a appropriateness memory 100.

FIG. 15 shows the contents of the appropriateness memory
100. An example shown in FIG. 15 shows appropriateness
degrees (a total of nine appropriateness degrees) obtained on
the basis of face 1mage areas extracted, after detecting three
face 1mages (a face A, a face B, and a face C) included 1n an
input image, by the three types of extraction processing (area
division extraction processing, edge search extraction pro-
cessing, and roundness utilization extraction processing) for
cach of the three face images A, B, and C.

When the mask data creating apparatus 1 functions as the
mask data creating apparatus 1A, amask data creation circuit
96 judges which of the respective results of the area division
extraction processing, the edge search extraction processing,
and the roundness utilization extraction processing are valid
for each of the face image areas A, B, and C on the basis of the
appropriateness degrees stored in the appropriateness
memory 100. In the case shown 1 FIG. 15, the appropriate-
ness degree for the results of the edge search extraction pro-
cessing 1s the highest for the face image A, the appropriate-
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ness degree for the results of the roundness utilization
extraction processing 1s the highest for the face image B, and
the appropriateness degree for the results of the area division
extraction processing 1s the highest for the face image C. The
mask data creation circuit 96 reads out from the mask data 5
memory 98 individual mask data obtained by the edge search
extraction processing for the face image A, individual mask
data obtained by the roundness utilization extraction process-
ing for the face image B, and individual mask data obtained
by the area division extraction processing for the face image 10
C, and synthesizes them, to create mask data (entire mask
data) (FIG. 18).

The created mask data 1s outputted to the exterior through
an output terminal (an interface) 97.

When the mask data creating apparatus 1 function as the 15
second mask data creating apparatus 1B, the area division
extraction processing 1s first performed, to calculate a appro-
priateness degree, for example. It the calculated appropriate-
ness degree 1s not less than a predetermined value, the 1ndi-
vidual mask data obtained by the area division extraction 20
processing 1s used for creating mask data. The edge search
extraction processing and the roundness utilization extraction
processing are not performed. When the appropriateness
degree calculated by performing the area division extraction
processing 1s less than the predetermined value, the edge 25
search extraction processing 1s performed, to calculate a
appropriateness degree. If the appropriateness degree calcu-
lated by performing the edge search extraction processing 1s
less than the predetermined value, the roundness utilization
extraction processing 1s performed. 30

When the mask data creating apparatus 1 functions as the
third mask data creating apparatus 1C, the appropriateness
calculation by the appropriateness calculation circuit 99 1s not
performed. An OR area for the face image areas respectively
extracted by the area division extraction processing, the edge 35
search extraction processing, and the roundness utilization
extraction processing, which are stored in the mask data
memory 98, 1s created, and individual mask data 1s created in
the mask data creation circuit 96 on the basis of the OR area.

In a case where the mask data creating apparatus 1 func- 40
tions as the fourth mask data creating apparatus 1D, 1f any of
the appropriateness degrees stored in the appropriateness
memory 100 are not less than a predetermined value, an OR
area 1s created from the face image areas based on the extrac-
tion processing in which the appropriateness degrees are 45
obtained, and individual mask data is created 1n the mask data
creation circuit 96 on the basis of the OR area. When there are
no appropriateness degrees that are not less than the prede-
termined value, the individual mask data based on the extrac-
tion processing in which the highest appropriateness degree1s 50
obtained 1s employed.

In the mask data creating apparatus 1, the individual mask
data 1s created from the face 1image area data, and the appro-
priateness degree 1s calculated on the basis of the created
individual mask data. The appropriateness degree may be 55
calculated on the basis of the face image area data instead of
calculating the appropriateness degree on the basis of the
individual mask data.

Although description was made on the premise that the
mask data creating apparatus 1 1s composed ol a hardware 60
circuit, the whole or a part thereof can be also realized by
soltware (a program).

Second Embodiment
63
FI1G. 21 1s a block diagram showing the electrical configu-
ration of a mask data creating apparatus 121 1 a second
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embodiment. FIG. 22 1s a flow chart showing the flow of
operations of the mask data creating apparatus 121.

The mask data creating apparatus 121 1s an apparatus for
extracting (partitioning oil), on the basis of 1mage data rep-
resenting an image including an 1mage representing the face
of a character, an area representing the face of the character (a
face 1mage area), and creating mask data for the extracted
(partitioned) face 1mage area. The mask data created by the
mask data creating apparatus 1 can be used for various types
of image processing for the image data. For example, by using
the created mask data, the position and the range of a face
image area included 1n an 1image (hereinafter referred to as an
input image) represented by inputted image data (hereinatter
referred to as iput image data) are specified. Therefore,
processing for subjecting the image data to white balance
correction, gamma correction, and other corrections, for
example, can be performed using the face image area as an
object such that the specified face 1image area 1s reproduced
(displayed) more beautitully (or more faithiully).

The mask data creating apparatus 121 1s so configured that
it can perform two types of face image area extraction pro-
cessing.

The first extraction processing 1s face image area extraction
processing utilizing the results of face detection. In the mask
data creating apparatus 121, it 1s detected whether or not an
image representing the face of a character (a face 1mage)
ex1sts 1 an mput 1mage represented by input image data by
pattern matching based on shapes prior to performing the face
image area extraction processing. When 1t 1s detected that the
face 1mage exists in the mput 1image, the face 1image area
extraction processing utilizing the results of face detection 1s
performed.

The second extraction processing 1s face image area extrac-
tion processing utilizing color information. It may not, in
some cases, be detected that a face 1mage exists 1 an 1nput
image by the above-mentioned face image detection,
although 1t exists 1n the mput image. In this case, the face
image area extraction processing utilizing color information
1s performed.

Instruction data (a starting instruction, etc.) 1s inputted
from an input device (a keyboard, a mouse, etc.) 122 con-
nected to the mask data creating apparatus 121. The inputted
instruction data 1s given to a control circuit 140. The mask
data creating apparatus 121 1s controlled in a supervised
manner by the control circuit 140.

Data respectively representing a mimmimum face detection
size, a face detection score, and a maximum face extraction
number (heremnafter collectively referred to as parameters)
are also mputted from the mput device 122 (step 151).

The mimmimum face detection size represents the size of the
minimum face image to be detected 1n face detection process-
ing, described later. The minimum face detection size 1s
inputted (designated) depending on 1ts ratio to the number of
pixels (the number of pixels 1n the vertical direction and the
number of pixels in the horizontal direction) or the size of an
input 1mage.

The face detection score represents the minimum value of
the detection score of the face image. In the face detection
processing, face detection 1s performed by pattern matching
based on shapes. When a matching score obtained by the
pattern matching 1s not less than a predetermined value, 1t 1s
judged that the face image 1s detected. The face detection
score represents the predetermined value.

The maximum face extraction number 1s used for selecting,
when a plurality of face 1mages exist 1n an mput 1image, the
face 1mage to be extracted out of the detected face images.
When the input 1image includes the face images whose num-
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ber 1s more than the maximum face extraction number, and
the face 1mages whose number 1s more than the maximum
face extraction number are detected by the face detection
processing, the face images corresponding to the maximum
face extraction number are selected out of the face images,
and the face 1mage area extraction processing 1s performed
tor the selected face 1images.

The minimum face detection size and the face detection
score that are inputted from the input device 122 are given to
a face detection circuit 126 through an nput terminal (an
input interface) 124. The maximum face extraction number 1s
given to a face vicinity area cutout circuit 127 through the
input terminal (input interface) 124.

Image data representing an 1image including a face image
read out of a storage device 123 (a hard disk, a tlexible disk,
a CD-ROM, amemory card, etc.) 1s given to the face detection
circuit 126 through an mnput terminal 125.

The face detection processing i1s performed 1n the face
detection circuit 126 (step 152). The face detection circuit
126 detects a face image included 1n an input image by pattern
matching based on shapes, as described above. Pattern match-
ing using a gradation pattern of a typical face may be
employed 1n place of or 1n addition to the pattern matching
based on shapes. In etther case, when a matching score of not
less than the face detection score 1s obtained, the face detec-
tion circuit 126 detects that the face image 1s included 1n the
input image. Further, the face image of a smaller size than the
mimmum face detection size 1s not handled as the detected
face image even 1f the matching score 1s not less than the face
detection score.

The face detection circuit 126 detects the face image
included 1n the input image by the pattern matching based on
shapes, as described above. When the face image 1s directed
sideways, for example, therefore, the face 1mage cannot, 1n
some cases, be detected, although 1t exists 1n the input image.
In this case, face 1mage extraction processing using color
information 1s performed, as described later.

First, description 1s made of a case where a face 1mage 1s
detected by the face detection circuit 126.

When a face 1image 1n an input image 1s detected by the face
detection circuit 126, face image area extraction processing
and mask data creation processing utilizing the results of the
face detection are performed (YES 1n step 153, step 154).
FIG. 23 1s a flow chart showing an example of face image area
extraction processing and mask data creation processing uti-
lizing the results of the face detection in detail. The face
image area extraction processing and the mask data creation
processing utilizing the results of the face detection will be
described while referring to specific examples of 1mages
shown 1n FIGS. 24 A to 30.

The face detection circuit 126 outputs, when it detects the
face image included in the input image, data representing the
approximate center of the detected face 1image (e.g., relative
coordinates) and data representing the size thereof (based on
the size of a pattern used for pattern matching). When a
plurality of face images are detected, data representing the
approximate center of each of the detected plurality of face
images and data representing the size thereotf are outputted.

In the face 1image area extraction processing and the mask
data creation processing utilizing the results of the face detec-
tion, a face vicinity cutout circuit 127, a face size normaliza-
tion circuit 128, a projection information creation circuit 129,
a skin-like color conversion circuit 130, a boundary detection
circuit 131, an individual mask data creation circuit 132, and
a mask data creation circuit 133 are used.

The face vicinity cutout circuit 127 1s a circuit for cutting,
out arectangular area including the face image included 1n the
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input 1mage, as described later. Further, the face vicinity
cutout circuit 127 performs face selection processing prior to
the cutout processing when the number of face i1mages
detected by the face detection circuit 126 exceeds the above-
mentioned maximum face extraction number (YES 1n step
161, step 162).

When the number of face images detected by the face
detection circuit 126 exceeds the maximum face extraction
number, the face vicinity cutout circuit 127 calculates the
distance between the center of each of the face images and the
center of the input image. The face images corresponding to
the maximum face extraction number are selected out of the
detected face 1mages 1n ascending order of the distances.

Of course, the face 1mages can be selected from the view-
point of the size, the matching score, and others of the face
image 1n addition to the selection of the face 1mages using
distances.

When the number of face images detected by the face
detection circuit 126 1s not more than the maximum face
extraction number, the above-mentioned face selection pro-
cessing 1s not performed (NO 1n step 161).

The face vicimity cutout circuit 127 cuts out (partitions oil)
a rectangular area (hereinafter referred to as a face vicinity
area) including the face image included in the input image
using the data representing the center of each of the detected
face images and the data representing the size thereof that are
given from the face detection circuit 126 (step 163).

FIGS. 24 A and 24B respectively 1llustrate an example of an
input 1mage G1 and two face vicinity areas gl and g2 cut out
(partitioned off) by the face vicinity cutout circuit 7 from the
input 1image G1. The positions of the face vicinity areas gl
and g2 are based on data representing the center of the
detected face 1mage (two face 1mages) given from the face
detection circuit 126. The sizes of the face vicinity areas gl
and g2 are based on data, representing the size of the detected
face 1mage, given from the face detection circuit 126. Pro-
cessing, described below, 1s performed for each of the face
vicinity areas gl and g2. The face vicinity area gl shown in
FIG. 24B will be specifically taken and described. In the face
vicinity area gl shown 1n FIG. 24B, 1t 1s presupposed that the
background of a character 1s 1n a white color.

Image data representing the face vicinity area g1 1s given to
the face size normalization circuit 128 from the face vicinity
cutout circuit 127. In the face size normalization circuit 128,
image data representing the face vicinity area gl 1s enlarged
or reduced to a predetermined size (e.g., 256 pixels 1n height
by 256 pixels 1n width) (step 164). The image data of a
predetermined size 1s outputted from the face size normaliza-
tion circuit 128. It goes without saying that 1f the image data
given to the face size normalization circuit 128 has already
been of the predetermined size, no special processing 1s per-
formed 1n the face size normalization circuit 128.

The 1image data representing the face vicimty area gl,
whose size has been normalized, outputted from the face size
normalization circuit 128 1s given to the projection informa-
tion creation circuit 129.

The projection information creation circuit 129 performs
processing for extracting (partitioning oif) a face area of a
character (determining the boundary between the face area
and the other area) from the 1image represented by the image
data representing the face vicinity area 1n cooperation with
the skin-like color conversion circuit 130 and the boundary
detection circuit 131 that are provided in the succeeding
stages.

The processing performed by the projection information
creation circuit 129 (step 165) will be described while refer-

ring to FIGS. 25A to 27A.
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The projection information creation circuit 129 creates
projection mnformation (the projection information will be
described later) using a rectangular projection mformation
creating window w, which 1s long i1n the width direction,
having a width that 1s one-half the width of the image data
representing the face vicinity area whose size 1s normalized
and having a predetermined height. The projection informa-
tion creating window w 1s rotated through a predetermined
angle at a time with the center of the face vicinity area as 1ts
axis, to create projection information using the projection
information creating window w at each of angular positions.

FIG. 25A 1illustrates a positional relationship between the
face vicinity area gl and the projection information creating
window w. In FIG. 25A, each of a plurality of rectangular
areas that are overlapped with the face vicinity areas gl 1s the
projection information creating window w. The center of one
short side of the projection information creating window w
comncides with the center of the face vicinity area gl (the
position thereof 1s fixed). Assuming that the projection infor-
mation creating window w 1s rotated through 5.26 degrees,
for example, at a time with the center of the face vicinity area
o] as its axis, the projection mnformation creating window w
on the face vicinity area gl faces toward 64 directions. 64
projection information are respectively created at the angular
positions 1 64 directions (in FIG. 25 (A), the projection
information creating windows w at all the angular positions
(in 64 directions) are not 1llustrated for easy understanding).
FIG. 25B shows how the projection information creating
window w 1s rotated through 5.26 degrees at a time (1in FIG.
25B, projection information creating windows wl, w2, and
w3 at three adjacent angular positions are illustrated). Not
less than the halves of the projection information creating
windows w at the adjacent angular positions are overlapped
with each other.

FIGS. 26 A and 268 show how the projection information
created at each of the angular positions 1s created.

The projection information 1s created (calculated) 1n the
tollowing manner.

(1) A luminance values (Y), a red color difference values
(Cr), and a blue color difference values (Cb) are acquired for
cach of pixels composing an 1image within the projection
information creating window w. Assuming that the height
(the short side) of the projection information creating window
w 1s composed of 24 pixels and the width (the long side)
thereol 1s composed of 128 pixels (see FIG. 26 A), three table
datarespectively storing a total o1 3072 luminance values (Y),
3072 red color difference values (Cr), and 3072 blue color
difference values (Cb) i 24 columns by 128 rows are
obtained. FIG. 268 shows the table data storing the lumi-
nance values (Y). It goes without saying that the same table
data 1s obtained with respect to each of the red color differ-
ence values (Cr) and the blue color difference values (Chb).

(2) The values for each of the rows are added (summed)
with respect to each of the obtained three table data. For
example, when the table data storing a total of 3072 lumi-
nance values (Y ) in 24 columns by 128 rows shown in FIG.
26B 1s obtained, the sum i1n the row direction of the 128
luminance values (Y) 1s obtained. The sum 1n the row direc-
tion of the 128 luminance values (Y) 1s projection information
relating to the luminance values. The same projection 1nfor-
mation (projection information relating to the red color dif-
terence values (Cr) and projection information relating to the
blue color difference values (Cb)) are also similarly obtained,
respectively, with respect to the red color difference values
(Cr) and the blue color difference values (Cb) (step 165).

FIG. 27A 1s a graphical representation of a relationship
between the sum 1n the row direction of the luminance values
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(Y) (the vertical axis) and the distance x from the center of the
face vicinity area (the horizontal axis). In the graph shown 1n
FIG. 27 A, x, denotes an approximate boundary position (the
distance from the center of the face vicinity area) between a
skin area (a skin color) and hair (a black color) 1n the 1mage
within the projection information creating window w, and x,
denotes an approximate boundary position between hair (a
black color) and a background (a white color) 1n the 1image
within the projection information creating window w.

Although the 1llustration of a graphical representation of
the projection information relating to the red color difference
values (Cr) and a graphical representation relating to the blue
color difference values (Cb) 1s omitted, the graphs are gener-
ally similar to the graph relating to the luminance values.

As apparent from the graph shown in FIG. 27A (the pro-
jection information relating to the luminance values shown in
FIG. 26B), the approximate boundary position between the
skin area and the other area, that 1s, the approximate boundary
position between the face area 1n the 1image within the pro-
jection information creating window w and the other area can
be detected by utilizing the projection information 1tself. For
example, the distance from the center at which the luminance
value (Y) greatly varies 1n the minus direction (the distance x,
from the center in the graph shown in FIG. 27A) may be
determined as an approximate boundary position between the
face area and the other area.

In order to further improve the detection precision, the
boundary position 1s detected 1n the following manner instead
of detecting the boundary position utilizing the projection
information itself.

Processing for converting the relationship between the dis-
tance X from the center of the face vicinity area and the
projection information (the sum 1n the row direction of each
of the Y, Cr, and Cb values) (FI1G. 27A) into the relationship
between the distance x from the center of the face vicinity
area and the value representing a skin-like color 1s performed.
The conversion processing 1s performed by the skin-like color
conversion circuit 130 (step 166).

The processing for converting the relationship between the
distance x from the center of the face vicinity area and the
projection mnformation (the sum 1n the row direction of each
of theY, Cr, and Cb values) into the relationship between the
distance x from the center of the face vicinity area and the
value representing a skin-like color, which 1s performed by
the skin-like color conversion circuit 130, 1s realized by the
following equation:

lon 1
(Y(x) — Y(skin))* + equation

\ (Gl - C,(skin))?* + (Cp(x) = Cp(skin))*)

Here, Y (skin), Cr(skin), and Cb(skin) respectively denote a
luminance value (Y), a red color difference value (Cr), and a
blue color difference value (Cb) each representing an 1deal
skin color. In the equation 1, 1t 1s assumed that Y (0)=Y (skin),
Cr(0)=Cr(skin), and Cb{0)=Cb(skin).

An example of a graph expressed on the basis of a value
P(x) obtained by converting the projection information relat-
ing to the luminance values (Y), the red color difference
values (Cr), and the blue color difference values (Cb) on the
basis of the foregoing equation 1 1s shown 1 FIG. 27B.

As apparent from the equation 1, P(X) representing a skin-
like color after the conversion (FIG. 27B) denotes the dis-
tance from an 1deal skin color. In the case of the i1deal skin
color, the skin-like color P(x) after the conversion becomes
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zero. The farther the skin color 1s apart from the 1deal skin
color, the larger the value of the skin-like color P(x) after the
conversion becomes 1n the minus direction.

Here, a boundary position between the skin color and a

color other than the skin color (the distance from the centerof 5

the face vicinity area) 1s taken as X (the distance x from the
center of the face vicinity area) for calculating the maximum
value obtained by the following equation 2;

D(x)=(P(x-1)+P(x-2)+P(x-3))-(Px+1)+P(x+2)+F
(x+3))

where P(x—1)= S and P(x-2) =S and P(x-3)c= S

S 15 a set of colors close to the skin color (see FIG. 27 (B):
S 1s a set value)

A change position at which the skin color 1s (rapidly)
changed 1nto a color other than the skin color (the distance x
from the center of the face vicinity area) 1s determined by the
equation 2. The determined distance x from the center of the
face vicinity area 1s determined as a boundary position
between the skin color and the color other than the skin color
in the 1image within the projection information creating win-
dow w, that 1s, a boundary position between the face area 1n
the 1mage portion within the projection information creating,
window w and the other area. Detection (determination) pro-
cessing of the boundary position using the equation 2 1is
performed by the boundary detection circuit 131 (step 167).

The boundary position to be detected 1s the boundary posi-
tion from the skin color to the color other than the skin color.
In judgment based on the projection information (the graph
shown 1n FIG. 27A), assuming that an 1mage that 1s changed
from a blue color to a red color 1s included in the background
ol a face area, for example, there 1s a high possibility that a
boundary position from the blue color to the red color 1s
evaluated similarly to the boundary position from the skin
color to the color other than the skin color. On the other hand,
when an 1mage of an object 1n a skin color (or a color close to
the skin color) exists 1n the background of a face area, there 1s
a possibility that detection of a boundary position between the
face area and the other area fails. However, the possibilities
can be eliminated by using data representing a skin-like color,
thereby 1mproving the detection precision of the boundary
position.

The above-mentioned boundary position 1s detected (de-
termined) at each ol the above-mentioned angular positions in
the 64 directions (NO in step 168, steps 165 to 167). 64
boundary positions are detected (determined). In FIG. 28 A,
the boundary position detected (determined) at each of the
angular positions 1s marked with X (In FIG. 28A, all the 64
boundary positions are not marked for easy understanding).

In the boundary detection circuit 131, the data (coordinate
data) representing the 64 boundary positions respectively
detected (determined) at the angular positions 1n the 64 direc-
tions and the image data relating to the face vicinity area gl
are given to the individual mask data creation circuit 132
(YES 1n step 168). The individual mask data creation circuit
132 creates 1mage data representing an individual mask
image (FI1G. 28B) obtained by masking the outside of an area
defined by connecting the adjacent boundary positions (step
169). An area (an inside area) defined by connecting the
adjacent boundary positions 1s a face 1image area relating to a
face image included 1n the face vicinity area gl. Of course, 1n
a case where no skin color to be included 1n the face image
area 1s mncluded i an 1mage portion in the vicinity of the
determined boundary position (for example, a case where
detection (determination) of the boundary position fails), the
boundary position may be ignored to determine the face
1mage area.

equation 2
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In the case of the image shown 1n FIGS. 24 A and 24B, the
above-mentioned processing 1s also performed for the face
vicinity area g2 1n addition to the face vicinity area gl (YES
in step 170). Individual mask 1mage data relating to the face
vicinity area g2 1s also created.

When the processing for all the face vicinity areas 1s ter-
minated (NO 1n step 170), the individual mask image data are
given to the mask data creation circuit 133, and are synthe-
s1zed and outputted (step 171). Examples of images respec-
tively represented by two individual mask data obtained for
the 1mage shown i FIGS. 24A and 24B are illustrated in
FIGS. 29A and 29B. Animage represented by the mask image

data finally outputted from the mask data creation circuit 133
1s shown 1n FIG. 30.

Description 1s now made of a case where no face image 1s
detected by the face detection circuit 126. FIG. 31 1s a flow
chart showing an example of face image area extraction pro-
cessing and mask data creation processing using color infor-
mation (the details of the processing in the step 155 shown in

FIG. 22).

For example, 1n a case where an 1image 1s as shown 1n FIG.
32A, that 1s, a face 1mage exists in the 1mage but 1s directed
sideways, the face image cannot, 1n some cases, be detected 1n

face detection processing by pattern matching. In such a case,
face 1mage area extraction processing using color informa-
tion 1s performed.

In the face 1mage area extraction processing using color
information, a skin-colored pixel extraction circuit 141, a
clustering circuit 142, a circular area selection circuit 143, a
background image removal circuit 144, and the mask data
creation circuit 133 are used.

When no face image 1s detected by the face detection
circuit 126 (FIG. 22; NO 1n step 153), input image data 1s
given to the skin-colored pixel extraction circuit 141, where
skin-colored pixel area extraction processing 1s performed

(FI1G. 31; step 181).

The skin-colored pixel extraction circuit 141 performs pro-
cessing for judging, with respect to each of pixels composing
an 1nput 1mage, whether or not the color of the pixel is
included in the range of the skin color, to partition off (extract)
in the mmput 1mage a pixel area (skin-colored pixel area)
included in the range of the skin color.

As Tor the skin-colored pixel area extraction processing, a
processing method described JP-A-9-101579 can be
employed. That 1s, it 1s determined for each of pixels com-
posing an input image, depending on whether or not the hue
of the pixel 1s included 1n the range of a skin color defined by
an ellipsoid (ellipsoid for defining a skin-colored pixel range
that 1s determined on three-dimensional color coordinates
respectively using an R value, a G value, and a B value as
coordinate axes), whether the pixel i1s in the skin color or a
color other than the skin color, and the pixels that are judged
to be 1n the skin color (generally, a set of a plurality of pixels
(a pixel area)) are partitioned off (extracted) by the skin-
colored pixel extraction circuit 141.

Clustering processing 1s then performed (step 182). In the
clustering processing, the skin-colored pixels extracted by the
skin-colored pixel extraction circuit 141 are clustered. For
example, an image shown in FI1G. 32 A includes an image area
of the side face of a character and an 1image area of the right
arm ol the character as image areas including the skin-colored
pixels. In this case, as shown i FIG. 32B, a cluster 11 of
skin-colored pixels in the side face image area and a cluster 12
of skin-colored pixels 1n the right arm 1image area are created
by the clustering circuit 142. In FIG. 32B, in order to make the
clusters I1 and 12 of skin-colored pixels understandable, pixel
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portions other than the clusters I1 and 12 of skin-colored
pixels are omitted 1n the 1mage representing the character.

The image data which has been subjected to the clustering
1s given to the circular area selection circuit 143. The circular
area selection circuit 143 judges, for each of the skin-colored
pixel areas clustered by the clustering processing, whether or
not the shape thereof 1s a shape close to a circle (including an
cllipse) (step 183). For example, in the case of the two skin-
colored pixel areas I1 and 12 shown in FIG. 32B, 1t 1s judged
that the face image area I1 1s close to the circle and the right
arm 1mage area 12 1s far from the circle.

An area excluding the circular area (face image area I11)
selected by the circular area selection circuit 143 1s handled as
a background. The background image removal circuit 144
removes an 1mage portion serving as a background (step 184).
Image data representing the area (face 1image area I1) shown
in FIG. 32C 1s outputted from the background image removal
circuit 144.

Mask image data 1s created in the mask data creation circuit
133 on the basis of the circular area (face image area I1)
outputted from the background image removal circuit 144
(FIG. 33) (step 185).

Of course, as the processing for partitioning ofl (extract-
ing) the face 1image area using color information, processing
described in JP-A-9-1013579 (processing for judging whether
or not the hue of each of pixels composing an 1mage 1s
included 1n the range of a skin color, dividing the original
image 1nto a skin color area and a non-skin color area, further
detecting an edge 1n the original image, classifying the origi-
nal 1mage into an edge portion and a non-edge portion,
extracting an area positioned within the skin color area, com-
posed of the pixels classified as the non-edge portion, and
enclosed by the pixels judged as the edge portion as a face
candidate area, and judging an area having a feature amount
peculiar to the face of a character as an area corresponding to
the face of the character) and the other processing may be
employed.

When the mask data creating apparatus 121 can thus detect
the face 1mage 1n the mput 1mage, face 1image area extraction
processing utilizing the results of the detection 1s performed.
When the face image cannot be detected, although 1t 1s
included 1n the mnput 1mage, face 1image area extraction pro-
cessing using color information 1s performed.

FIG. 34 15 a flow chart showing a modified example of the
processing performed by the mask data creating apparatus
121. The same operations as those 1n the flow chart shown 1n
FIG. 22 are assigned the same reference numerals and hence,
the overlapped description 1s avoided.

In the operations based on the flow chart shown 1n FI1G. 34,
the mask data creating apparatus 121 is controlled so as to be
able to cope with a case where one input image includes both
a face image from which a face 1s detectable and a face image
from which a face 1s not detectable. Referring to FIG. 35A, an
image (G3 includes both a face image from which a face image
area can be extracted on the basis of the results of the face
detection and a face image from which a face 1s not detect-
able. For the face image from which a face can be detected
(areas gl and g2 1n FIG. 35B), face image area extraction
processing and mask data creation processing utilizing the
results of the face detection are performed (YES 1n step 153 A,
step 154). In a case where the face detection cannot be per-
formed, only the face 1mage area extraction processing uti-
lizing color information and the mask data creation process-
ing are performed, as described above (NO 1n step 153 A, step
155).

When an area excluding an extracted face image area 1s
then subjected to the face image area extraction processing,
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utilizing color imnformation and the mask data creation pro-
cessing (steps 156 and 155). A portion indicated by hatching
in FIG. 36A (1.¢., a face image portion extracted by the face
image area extraction processing using the results of the face
detection) 1s excluded, and the other area 1s subjected to the
face 1mage area extraction processing using color iforma-
tion. A clustering area shown 1n FIG. 36B 1s obtained. In the
clustering area, an area having a shape close to a circle (an
cllipse) (1.e., an area that 1s judged as a face image area) 1s
extracted.

Mask data obtained through the face image area extraction
processing utilizing the results of the face detection and mask
data obtained through the face image area extraction process-
ing utilizing color information are integrated (synthesized),
and are outputted (step 157). F1G. 37 illustrates an example of
an 1mage represented by the mask data after the integration
(synthesis) obtained on the basis of the mnput image G3 shown
in F1G. 35A.

Although the present imvention has been described and
illustrated in detail, it 1s clearly understood that the same 1s by
way ol illustration and example only and 1s not to be taken by
way of limitation, the spirit and scope of the present invention
being limited only by the terms of the appended claims.

What 1s claimed 1s:

1. An image data processing apparatus comprising:

particular image detection means for detecting whether or
not a particular image exists in an 1mage represented by
given 1mage data;

a plurality of types of area partitioning means for respec-
tively partitioning oif, when the existence of particular
image 1s detected by the particular image detection
means, an area of the existing particular image by dif-
ferent types of partitioning processing;

appropriateness calculation means for calculating, with
respect to each of a plurality of partitioned areas respec-
tively obtained by the plurality of types of area partition-
Ing means, an appropriateness degree representing the
degree to which the shape thereof 1s appropriate as a
partitioning shape representing a contour of the particu-
lar image; and

output means for outputting data representing the parti-
tioned area for which the highest appropriateness degree
1s calculated on the basis of the plurality of appropriate-
ness degrees calculated by the appropriateness calcula-
tion means,

wherein the particular image 1s a face area.

2. An 1mage data processing apparatus comprising:

particular image detection means for detecting whether or
not a particular image exists in an 1mage represented by
given 1mage data;

a plurality of types of area partitioning means for respec-
tively partitioning oif, when the existence of particular
image 1s detected by the particular image detection
means, an area of the existing particular image by dii-
ferent types of partitioning processing;

appropriateness calculation means for calculating an
appropriateness degree representing the degree to which
the shape of each of partitioned areas respectively
obtained by the area partitioning means 1s appropriate as
a partitioning shape representing a contour of the par-
ticular 1image;

comparison judgment means for comparing the appropri-
ateness degree calculated by the appropriateness calcu-
lation means with a given value;

control means for repeating, when the comparison judg-
ment means judges that the appropriateness degree 1s not
more than the given value, a sequence comprising area
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partitioning processing performed by the other area par-
titioning means, appropriateness calculation processing
performed by the appropriateness calculation means,
and comparison judgment processing performed by the
comparison judgment means until the comparison judg-
ment means judges that the appropriateness degree
exceeding the predetermined value 1s obtained;

first output means for outputting, when the comparison
judgment means judges that the appropriateness degree
exceeds the given value, data representing the parti-
tioned area obtained by the area partitioning means; and

second output means for outputting, when all of the appro-
priateness degrees for the partitioned areas respectively
obtained by all the area partitioning means are not more
than the given value, data representing the partitioned
arca for which the highest appropniateness degree 1s
calculated,

wherein the particular 1mage 1s a face area.

3. An image data processing apparatus comprising:

particular image detection means for detecting whether or
not a particular image exists in an 1mage represented by
given 1mage data;

a plurality of types of area partitioning means for respec-
tively partitioning oif, when the existence of particular
image 1s detected by the particular 1image detection
means, an area of the existing particular 1mage by dii-
ferent types of partitioning processing;

appropriateness calculation means for calculating, with
respect to each of a plurality of partitioned areas respec-
tively obtained by the plurality of types of area partition-
Ing means, an appropriateness degree representing the
degree to which the shape thereof 1s approprate as a
partitioning shape representing a contour of the particu-
lar 1image; and

first output means for outputting data representing an OR
areca of the one or the plurality of partitioned areas,
excluding the partitioned area for which the appropri-
ateness degree of not more than a given value 1s calcu-
lated, obtained by the area partitioning means; and

second output means for outputting, when all the appropri-
ateness degrees for the partitioned areas respectively
obtained by all the area partitioning means are not more
than the given value, data representing the partitioned
arca for which the highest appropnateness degree 1s
calculated,

wherein the particular 1mage 1s a face area.

4. The image data processing apparatus according to any

one of claims 1 to 3, further comprising

mask data creation means for creating mask data on the
basis of the data outputted from the output means.

5. The image data processing apparatus according to any

one of claims 1 to 3, further comprising

particular image number detection means for detecting the
number of particular images detected by the particular
image detection means,

comparison judgment means for comparing the number of
particular images detected by the particular image num-
ber detection means with a given number,

importance calculation means for calculating, when the
comparison judgment means judges that the detected
number of particular images 1s more than the given num-
ber, an importance degree for each of the plurality of
particular images detected by the particular image detec-
tion means, and

selection means for selecting the particular images whose
number i1s the same as the given number out of the
plurality of particular images included 1n the image rep-
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resented by the image data on the basis of the importance
degrees calculated by the importance calculation means,

the area partitioning means respectively obtaining the par-
titioned areas for the particular images, corresponding to
the given number, selected by the selection means.

6. An image data processing method comprising the steps
of:

detecting whether or not a particular 1image exists in an
image represented by given image data;

respectively partitioning oif, when the existence of particu-
lar 1mage 1s detected, an area of the existing particular
image by a plurality of different types of partitioning
processing;

calculating, with respect to each of a plurality of parti-
tioned areas respectively obtained by the plurality of
types of partitioning processing, an appropriateness
degree representing the degree to which the shape
thereol 1s appropriate as a partitioning shape represent-
ing a contour of the particular image; and

outputting data representing the partitioned area for which
the highest appropriateness degree 1s calculated on the
basis of the calculated appropriateness degrees,

wherein the particular image 1s a face area.

7. An 1mage data processing method comprising the steps
of:

detecting whether or not a particular image exists in an
image represented by given 1image data;

respectively partitioning oif, when the existence of particu-
lar 1mage 1s detected, an area of the existing particular
image by one of a plurality of different types of parti-
tioning processing;

calculating an appropriateness degree representing the
degree to which the shape of each of partitioned areas
obtained by the partitioning is appropriate as a partition-
ing shape representing a contour of the particular image;

comparing the calculated appropriateness degree with a
given value;

repeating, when the appropriateness degree 1s not more
than the given value, a sequence comprising the other
area partitioning processing, appropriateness calcula-
tion processing, and comparison processing until the
appropriateness degree exceeding the given value 1is
obtained:

outputting, when the appropriateness degree exceeds the
given value, data representing the partitioned area for
which the appropriateness degree 1s calculated; and

outputting, when all the appropriateness degrees for the
partitioned areas respectively obtained by all the types of
partitioning processing are not more than the given
value, data representing the partitioned area for which
the highest appropriateness degree 1s calculated,

wherein the particular image 1s a face area.

8. An 1image data processing method comprising the steps
of:

detecting whether or not a particular image exists in an
image represented by given image data;

respectively partitioning oif, when the existence of particu-
lar 1mage 1s detected, an area of the existing particular
image by a plurality of different types of partitioning
processing;

calculating, with respect to each of a plurality of parti-
tioned areas respectively obtained by the plurality of
types of partitioning processing, an appropriateness
degree representing the degree to which the shape
thereol 1s appropriate as a partitioning shape represent-
ing a contour of the particular image;
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outputting data representing an OR area of the one or the
plurality of partitioned areas, excluding the partitioned
area for which the appropriateness degree of not more
than a given value 1s calculated; and

outputting, when all the appropriateness degrees for the
partitioned areas respectively obtained by all the types of
partitioning processing are not more than the given
value, data representing the partitioned area for which
the highest appropriateness degree 1s calculated,

wherein the particular 1mage 1s a face area.

9. The image data processing method according to any one

of claims 6 to 8, further comprising,

detecting the number of detected particular images;

comparing the detected number of particular images with a
given number,

calculating, when the number of particular images 1s more
than the given number, an importance degree for each of
the detected plurality of particular images,

selecting the particular images whose number 1s the same
as the given number out of the plurality of particular
images included 1n the image data on the basis of the
calculated importance degrees, and

obtaining the partitioned areas for the selected particular
images corresponding to the given number.

10. A computer-readable medium bearing software
instructions for enabling a computer to perform predeter-
mined operations, the predetermined operations comprising;:

particular 1mage detection processing for detecting
whether or not a particular 1mage exists 1n an 1mage
represented by given image data;

a plurality of types of area partitioning processing for
respectively partitioning off, when the existence of par-
ticular 1image 1s detected by the particular image detec-
tion processing, an area ol the existing particular image;

appropriateness calculation processing for calculating,
with respect to each of a plurality of partitioned areas
respectively obtained by the plurality of types of area
partitioning processing, an appropriateness degree rep-
resenting the degree to which the shape thereof 1s appro-
priate as a partitioning shape representing of a contour of
the particular image; and

output processing for outputting data representing the par-
tittoned area for which the highest appropriateness
degree 1s calculated on the basis of the appropriateness
degrees calculated by the appropriateness calculation
processing,

wherein the particular 1image 1s a face area.

11. A computer-readable medium bearing software
instructions for enabling a computer to perform predeter-
mined operations, the predetermined operations comprising:

particular 1mage detection processing for detecting
whether or not a particular 1mage exists in an 1mage
represented by given image data;

a plurality of types of area partitioning processing for
respectively partitioning off, when the existence of par-
ticular 1mage 1s detected by the particular image detec-
tion processing, an area of the existing particular image;

appropriateness calculation processing for calculating an
appropriateness degree representing the degree to which
the shape of the partitioned area obtained by the area
partitioning processing 1s appropriate as a partitioning,
shape representing a contour of the particular image;

comparison judgment processing for comparing the appro-
priateness degree calculated by the appropriateness cal-
culation processing with a given value;

control processing for repeating, when 1t 1s judged by the
comparison judgment processing that the appropriate-
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ness degree 1s not more than the given value, a sequence
comprising the other area partitioning processing, the
appropriateness calculation processing, and the com-
parison judgment processing until i1t 1s judged by the
comparison judgment processing that the appropriate-
ness degree exceeding the given value 1s obtained;

first output processing for outputting, when it 1s judged by
the comparison judgment processing that the appropri-
ateness degree exceeds the given value, data represent-
ing the partitioned area obtained by the area partitioning
processing; and

second output processing for outputting, when all of the
appropriateness degrees for the partitioned areas respec-
tively obtained by all the types of area partitioning pro-
cessing are not more than the given value, data repre-
senting the partitioned area for which the highest
appropriateness degree 1s calculated,

wherein the particular image 1s a face area.

12. A computer-readable medium bearing software
instructions for enabling a computer to perform predeter-
mined operations, the predetermined operations comprising;:

particular 1mage detection processing for detecting
whether or not a particular 1mage exists in an 1mage
represented by given 1mage data;

a plurality of types of area partitioning processing for
respectively partitioning off, when the existence of par-
ticular image 1s detected by the particular image detec-
tion processing, an area of the existing particular image;

appropriateness calculation processing for calculating,
with respect to each of a plurality of partitioned areas
respectively obtained by the plurality of types of area
partitioning processing, an appropriateness degree rep-
resenting the degree to which the shape thereot 1s appro-
priate as a partitioning shape representing a contour of
the partitioned area;

first output processing for outputting data representing an
OR area of the one or the plurality of partitioned areas,
excluding the partitioned area for which the appropri-
ateness degree of not more than a given value 1s calcu-
lated, obtained by the area partitioning processing; and

second output processing for outputting, when all the
appropriateness degrees for the partitioned areas respec-
tively obtained by all the types of area partitioning pro-
cessing are not more than the given value, data repre-
senting the partitioned area for which the highest
appropriateness degree 1s calculated,

wherein the particular image 1s a face area.

13. The computer-readable medium according to any one
of claims 10 to 12, further comprising

particular image number detection processing for detecting
the number of particular images detected by the particu-
lar image detection processing,

comparison judgment processing for comparing the num-
ber of particular images detected by the particular image
number detection processing with a given number,

importance calculation processing for calculating, when it
1s judged by the comparison judgment processing that
the detected number of particular 1mages 1s more than
the given number, an importance degree for each of the
plurality of particular images detected by the particular
image detection processing, and

turther causing a computer to perform selection processing,
for selecting the particular images whose number 1s the
same as the given number out of the plurality of particu-
lar 1images included in the 1mage represented by the
image data on the basis of the importance degrees cal-
culated by the importance calculation processing,
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the plurality of types ol area partitioning processing
respectively obtaining the partitioned areas for the par-
ticular 1mages, corresponding to the given number,
selected by the selection processing.

14. A particular image area partitioning apparatus compris-
ng:

particular image detection means for detecting whether or
not a particular image exists in an 1mage represented by
given 1mage data;

first particular image area partitioning means for partition-
ing off, when the existence of particular image 1is
detected by the particular 1mage detection means, an
area of the existing particular image, to output data rep-
resenting the partitioned area; and

second particular image area partitioning means for divid-
ing, when the existence of particular 1mage 1s not
detected by the particular 1mage detection means, the
image represented by the given image data into particu-
lar 1mage color areas representing the color of the par-
ticular image and the other color areas, and outputting,
out of the particular image color areas, data representing
the particular image color area having a shape conform-
ing to the shape of the particular image,

wherein the particular 1mage 1s a face area.

15. The particular 1mage area partitioning apparatus
according to claim 14, further comprising

particular image number detection means for detecting the
number of particular images detected by the particular
image detection means,

comparison judgment means for comparing the number of
particular images detected by the particular image num-
ber detection means with a given number,

importance calculation means for calculating, when the
comparison judgment means judges that the detected
number of particular images 1s more than the given num-
ber, an importance degree for each of the particular
images detected by the particular 1image detection
means, and

selection means for selecting the particular images whose
number 1s the same as the given number out of the
particular 1mages included in the 1image represented by
the 1mage data on the basis of the importance degrees
calculated by the importance calculation means,

the first particular image area partitioning means partition-
ing oif, for the particular images, corresponding to the
given number, selected by the selection means, the area
of each of the particular images.

16. A particular image area partitioning method compris-
ing the steps of:

detecting whether or not a particular 1mage exists 1in an
image represented by given image data;

partitioming off, when the existence of particular 1mage 1s
detected, an area of the existing particular 1mage, to
output data representing the partitioned area; and

dividing, when the existence of particular 1image 1s not
detected, the image represented by the given image data
into particular 1mage color areas representing the color
of the particular image and the other color areas, and
outputting, out of the particular image color areas, data
representing the particular image color area having a
shape conforming to the shape of the particular image,

wherein the particular 1mage 1s a face area.

17. A computer-readable medium bearing soiftware
instructions for enabling a computer to perform predeter-
mined operations, the predetermined operations comprising;:
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particular 1mage detection processing for detecting
whether or not a particular 1mage exists 1n an 1mage
represented by 1image data given from a storage device;

first area partitioning processing for partitioning oif, when
the existence of particular image 1s detected by the par-
ticular image detection processing, an area of the exist-
ing particular 1image, to output data representing the
partitioned area; and

second area partitioming processing for dividing, when the
existence of particular image 1s not detected by the par-
ticular 1mage detection processing, the 1mage repre-
sented by the given 1mage data into particular image
color areas representing the color of the particular image
and the other color areas, and outputting, out of the
particular image color areas, data representing the par-
ticular image color area having a shape conforming to
the shape of the particular image,

wherein the particular image 1s a face area.

18. The image data processing apparatus according to
claim 1,

wherein the appropriateness calculation means calculates
the appropriateness degree using a roundness of the
shape of the partitioned area, or using a shape of skin-
colored pixels.

19. An 1image data processing apparatus comprising;:

particular image detection means for detecting whether or
not a particular image exists in an 1mage represented by
given 1mage data;

a plurality of types of area partitioning means for respec-
tively partitioning oif, when the existence of particular
image 1s detected by the particular image detection
means, an area of the existing particular image by dif-
ferent types of partitioning processing;

appropriateness calculation means for calculating, with
respect to each of a plurality of partitioned areas respec-
tively obtained by the plurality of types of area partition-
Ing means, an appropriateness degree representing the
degree to which the shape thereof 1s appropriate as a
partitioning shape representing a contour of the particu-
lar image; and

output means for outputting data representing the parti-
tioned area for which the highest appropriateness degree
1s calculated on the basis of the plurality of appropriate-
ness degrees calculated by the appropriateness calcula-
tion means,

wherein the appropriateness calculation means calculates
the appropriateness degree using a roundness ol the
shape of the partitioned area, or using a shape of skin-
colored pixels, and

wherein, i the appropriateness calculation means calcu-
lates the appropriateness degree using the roundness of
the shape of the partitioned area, the appropriateness
degree corresponds to the degree of similarity between
the roundness of the shape of the partitioned area and a
roundness of an ellipse.

20. The data processing apparatus according to any one of
claims 1 to 3, wherein each of the plurality of types of area
partitioning means performs processing for partitioning oif
an arca of the particular image but differ 1n the method of the
processing for partitioning oif an area of the particular image.

21. The data processing apparatus according to claim 20,
wherein the processing performed by the plurality of types of
area partitioning means comprises at least two of an area
division extraction processing utilizing clustering, an edge
search extraction processing for searching for an edge radi-
ally from a center of a face, a labeling extraction processing
utilizing continuity of adjacent pixel values, an extraction
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processing utilizing continuity of edges 1n a polar coordinate 25. The particular image area partitioning apparatus
image, and an extraction processing utilizing roundness. according to claim 14, wherein the first particular image area
22. The data processing apparatus according to any one of ~ partitioning means comprises:
claims 1 to 3, wherein each of the plurality of types of area a projection information creation device for setting a plu-
partitioning means COmprises: 5 rality of projection information creating windows hav-
a projection information creation device for setting a plu- ing a predetermined shape radially from a specitic point
rality of projection information creating windows hav- within the image represented by the image data includ-
ing a predetermined shape radially from a specific point ing the detected particular 1mage, and creating, with
within the image represented by the image data includ- respect to each of image portions within the set plurality
ing the detected particular image, and creating, with 10 of projection information creating windows, projection
respect to each of image portions within the set plurality information obtained by adding pixel information for
of projection information creating windows, projection each unit pixel position 1n the radial direction from the
information obtained by adding pixel information for specific point of the image:;
cach unit pixel position 1n the radial direction from the a boundary position determination device for determining,
specific point of the image; 15 with respect to eac?h of the im{age porti.ons Vfithin the
a boundary position determination device for determining, plurality of projection information creating windows, a
with respect to each of the image portions within the !joundary position betwefan theipartlcular Image and an
plurality of projection information creating windows, a 1age ‘?the{” than th‘ff partlculalt Image on th‘? basis ofthe
boundary position between the particular image and an projection information for' unit prxral position obtained
image other than the particular image on the basis of the 2" by the projection information creation device; and
projection information for unit pixel position obtained a particular area determination device for determining a
by the projection information creation device; and particular 1mage area by connecting the plurality of

boundary positions, adjacent to one another, determined
by the boundary position determination device.

26. The particular 1mage area partitioning apparatus
according to claim 23, wherein the projection information
creating window has a rectangular shape.

27. The particular image area partitioning apparatus
according to claim 26, wherein the projection information
30 creating window 1s rotated with the specific portion as 1ts axis,

thereby the plurality of projection information creating win-
dows are set.

a particular area determination device for determining a
particular 1mage area by connecting the plurality of
boundary positions, adjacent to one another, determined 2>
by the boundary position determination device.

23. The data processing apparatus according to claim 22,
wherein the projection mformation creating window has a
rectangular shape.

24. The data processing apparatus according to claim 23,
wherein the projection information creating window 1s
rotated with the specific portion as its axis, thereby the plu-
rality of projection information creating windows are set. I T
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